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WELCOMING  ADDRESS  OF  CAPTAIN  ROBERT  WILLIAMSON  II,  COMMANDER, 

NAVAL  SURFACE  WEAPONS  CENTER 

I want  to  welcome  you  to  the  Naval  Surface  Weapons  Center.  It 
is  perhaps  appropriate  before  making  any  remarks  about  the  purpose  of 
the  conference,  to  take  about  a minute  and  a half  to  tell  you  how  it 
happens  that  this  conference,  which  was  scheduled  to  convene  today  at 
the  Naval  Ordnance  Laboratory,  White  Oak,  is  in  fact  convening  at  the 
Naval  Surface  Weapons  Center,  White  Oak. 

About  eleven  days  ago,  the  Chief  of  Naval  Operations  established 
the  Naval  Surface  Weapons  Center  by  merging  all  of  the  assets  and 
resources  of  the  Naval  Ordnance  Laboratory,  White  Oak  and  the  Naval 
Weapons  Laboratory,  Dahlgren  into  a new  RDT&E  organization  called  the 
Naval  Surface  Weapons  Center.  The  Naval  Surface  Weapons  Center  is 
designated  as  the  principal  Navy  research,  development,  test  and  evalu- 
ation center  for  surface  warfare  weapon  systems,  ordnance  technology, 
and  strategic  systems  support;  and  I might  add  that  the  assets  that  I 
am  talking  about  (depending  upon  how  you  count  the  people)  represent 
somewhere  between  5,600  and  6,000  Civil  Service  employees  with  associated 
mi  1 i tary  personnel . 

Now,  let  us  shift  very  quickly  to  the  Fluidic  State-of-the-Art 
Symposium  and  associated  matters.  At  the  Naval  Surface  Weapons  Center 
we  started  specific  application  studies  of  what  was  then  generally  known 
as  "pure  fluids"  technology  in  the  early  1960s.  Since  that  time  we 
have  followed  the  field  of  fluidics  and  fluerics  closely  and  have  experi- 
mented with  fluidic  components  and  less  pure  spin  offs  in  various 
applications  where  their  simplicity,  reliability,  and/or  nuclear  hardness 
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have  offered  system  advantages.  In  these  endeavors  we  have  relied 


heavily  on  the  expertise  of  Harry  Diamond  Laboratories'  pioneers  even 


to  the  extent  of  providing  financial  support  in  the  case  of  several  joint 


developments.  We  expect  that  our  good  working  relationship  will  be 


further  enhanced  as  the  HDL  work  moves  to  its  new  location  in  Adel  phi, 


Maryland.  We  at  the  Naval  Surface  Weapons  Center  see  a continuing  future 


for  the  application  of  fluidic  principles  and  the  related  thought  processes 


in  mechanical  design  which  they  encourage  for  military  and  civil  appli- 


cations. We  expect  that  our  emphasis  at  this  Center  will  continue  to  be 


on  applications,  while  we  rely  on  others,  including  many  of  you  presenting 


papers  at  this  symposium,  to  develop  the  basic  understanding  of  components 


and  system  characteristics  and  manufacturing  technology  which  is  essential 


to  continued  progress. 


1 would  like  to  digress  from  these  remarks  for  one  moment  to 


introduce  the  Technical  Director  of  the  Naval  Surface  Weapons  Center  who 


is,  I believe,  known  to  many  of  you,  Mr.  Jim  Colvard.  With  the  consoli- 


dation of  the  Naval  Weapons  Laboratory  and  the  Naval  Ordnance  Laboratory, 


Mr.  Colvard,  who  has  been  at  the  Naval  Weapons  Laboratory,  Dahlgren,  for 


five  years,  most  recently  as  Technical  Director,  has  been  appointed  as 


the  Technical  Director  of  the  Naval  Surface  Weapons  Center. 


Let  me  say  again,  it  is  a pleasure  to  welcome  you  to  the  Naval 


Surface  Weapons  Center. 


Welcoming  Address  of  Colonel  David  W.  Einsel,  Commanding  Officer  HDL 


It  is  a real  pleasure  to  welcome  you  to  the  Fluidics  State-of-the-Art 
Symposium.  First,  I want  to  thank  our  fine  hosts,  the  Naval  Surface  Weapons 
Center,  Capt.  Williamson  the  Commander  and  Jim  Colvard  the  Technical  Director. 
Their  help  has  been  consistent  and  continuous  from  the  planning  stages  until 
the  fine  assistance  this  morning  in  the  in-processing. 

As  we  begin  this  symposium,  it  is  appropriate  to  recognize  and  thank 
a goodly  number  of  you  in  the  audience  and  the  even  larger  number  that  will  be 
in  and  out  of  the  symposium  through  the  coming  days.  Only  because  of  your 
diligent  efforts  has  it  been  possible  for  our  staff  to  put  together  the  rather 
voluminous  summary  of  your  very  excellent  work.  We  express  great  thanks  to  all 
of  you.  It  is  a very  real  pleasure  to  welcome  our  many  visitors  from  the 
university  community,  from  industry,  and,  of  course,  from  many  of  our  sister 
laboratories. 
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Welcoming  Address  of  B.  M.  Horton,  Technical  Director,  HDL 


I would  like  to  join  with  Colonel  Einsel  in  expressing  my  apprecia- 
tion for  the  extremely  gracious,  effective,  and  efficient  hosting  that 
the  Naval  Surface  Weapons  Center  is  providing.  If  you  ever  want  to  move 
to  a laboratory  and  you  want  to  pick  a neighbor  I can't  think  of  a better 
choice  than  the  Naval  Surface  Weapons  Center,  (I  guess  it  will  still  be 
NOL  to  me).  For  those  of  you  who  may  not  know,  we  are  going  to  be  back 
to  back  with  them  about  a mile  over  the  next  ravine.  We  thank  them  very 
much  for  their  gracious  hospitality. 

A few  years  back  fluidics  came  in  with  a kind  of  a bang.  It  came  in 
with  a lot  of  optimism  and  it  turned  out  that  some  of  that  optimism  was 
excessive  because  although  these  devices  as  individual  elements  would 
perform  very  well,  the  connecting  of  them  into  complicated  systems  was 
pretty  difficult.  This  optimism  led  to  the  early  applications  of  fluidic 
devices  in  places  where  they  still  do  a creditable  job  but  it  also  led  to 
disillusionment  because  of  the  complexities.  The  Navier  Stokes  equation 
is  still  a complicated  beast. 

Now  when  all  this  began  we  said  that  perhaps  in  the  time  of  the 
Egyptians  or  certainly  by  Bernoulli's  time  we  could  have  had  a fluid 
amplifier  because  it  has  been  obvious  for  a long  time  that  with  a little 
bit  of  control  flow  on  the  side  of  a stream  the  exchange  of  momentum 
between  these  two  streams  would  cause  the  primary  energy  of  the  main  stream 
to  be  diverted  to  one  of  two  outlets  or  partitioned  betwen  them.  But  I 
am  afraid  that  I have  to  admit  that  without  the  aid  of  the  electronic 
calculator  we  never  would  have  had  the  computational  capability  to 
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unscramble  the  Navier  Stokes  equation  to  come  up  with  a really  sophisticated 
analysis  of  these  devices.  The  complexities  of  the  fluid  flow  process  with 
or  without  turbulence  have  beset  these  systems  with  difficulties  for  over 
a decade  now  and  we  are  just  now  beginning  to  unscramble  some  of  them.  As 
a matter  of  fact,  it  is  only  about  four  or  five  years  ago  that  we  finally 
got  to  the  point  where  we  began  to  be  able  to  do  a meaningful  analysis 
rather  than  only  cutting  hardware  so  that  we  have  arrived  at  the  point 
where  we  can  analyse  the  geometric  configuration  and  by  doing  enough  cases 
(thank  heaven  for  the  electronic  computer)  we  can  essentially  synthesise 
a device. 

You  who  are  in  the  audience  are  largely  those  who  are  responsible 
for  this  growth  and  our  capability  to  handle  this  technology  and  we 
appreciate  your  help  and  participation.  It  has  been  a tough  fight. 

Some  of  us  felt  that  it  was  about  time  that  the  current  state  be 
reviewed  in  order  that  those  who  were  interested  in  the  field  would  at 
least  become  aware  of  the  tools  that  are  available  to  them.  We  hope  that 
our  meeting  today  and  this  week  will  be  a stimulant  towards  that  state 
of  understanding. 

Each  new  technology  has  trouble  in  its  time,  our  hope  of  course  is 
that  it  will  not  be  like  a Boolean  algebra  which  lay  for  the  better  part 
of  a century  before  it  was  used  or  Walsh  functions  which  just  now  about 
50  years  after  their  birth  are  coming  into  their  own  for  certain  kinds  of 
ana  I yses . 

With  that  I think  I will  thank  you  for  coming  and  only  add  that  I 
will  spend  as  much  time  as  I can  here,  but  because  fluidics  is  just  one 
of  the  things  that  we  do  at  HDL  and  although  it  is  one  of  my  favorite 
things,  I have  to  go  for  a part  of  this  meeting  to  another  set  of  activities. 
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Welcoming  Andress  by  Dr.  R.  B . Dillaway,  Deputy  for  Laboratories,  AMC 


Tt  is  a real  pleasure  for  me  to  be  here  this  morning  to  help  open  this 
Fluidics  Symposium.  1 am  pleased  to  see  the  makeup  of  your  program  - particularly 
the  fact  that  at  least  a third  of  it  has  to  do  with  analysis  of  systems  and  ap- 
plications for  the  fluidic  technology.  The  three  service  deputies  for  labs  have 
recently  (under  the  aegis  of  the  Joint  Logistics  Commanders)  been  looking  at  in- 
terdependence of  technology  among  the  services.  Fluidics  is  one  of  the  areas 
that  we  took  a look  at.  We  found  that  the  technology  was  well  coordinated 
between  the  services,  NASA  and  everybody  else  in  the  fluidics  community,  but  if. 
was  not  moving  out  into  applications  as  readily  as  we  (tnose  of  us  who  were 
familiar  with  it  and  you  practitioners)  thought  it  ought  to  be.  Yet  very  clearly 
though,  there  ’nave  been  some  interesting  applications  established.  Several  air- 
craft including  the  McDonald  Douglas  DC10  and  Lockheed  1011  have  fluidic  systems 
in  them.  There  is  a fuel  control  on  the  F15.  All  these  applications  to  the 
extent  that  they  have  been  tried  out,  seem  to  be  phenomenally  successful.  The 
thing  that  strikes  the  commercial  people,  of  course,  is  the  tremendous  reliability 
and  long  mean  time  between  failure  of  fluidics  systems:  this  has  great  economic 
impact.  However,  the  only  program  in  a weapon  system  I know  of  that  is  going  to 
production  is  one  that  the  Navy  has  in  a bomblet  dispenser.  We  do  have  some 
applications  of  it  in  munitions  manufacturing  in  government  controlled  plants 
but  even  there  it  seems  to  be  a slow  process  to  get  expanded  use  implemented. 


T think  that  it  may  be  that  if  we  had  put  a larger  fraction  of  our  resources  into 
fluidics  compared  with  what  we  have  put  into  advances  in  electronics  it  might 
have,  gone  faster  and  we  might  be  further  along.  I have  done  a lot  of  personal 
investigation  into  new  systems  to  find  out  why  fluidics  weren't  being  used  in 
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them  where  there  is  a logical  advantage  in  use  of  fluidics  systems.  The  answer 
that  I usually  get  is,  "Well,  the  technologists  can  show  me  components  and 
equations  for  systems  but  I don't  see  anything  on  the  shelf  and  I have  a schedule 
to  meet  so  that  I just  can't  take  a chance." 

I have  been  personally  pushing  very  hard  in  the  Army  (and  I think  that  most 
of  my  lab  directors  have)  to  try  to  make  sure  that  we  have  been  getting  across  to 
our  systems  program  managers  and  other  systems  responsible  people  the  idea  that 
we  should  consider  a fluidic  system  whenever  a new  system  is  under  development. 
This  has  had  only  limited  success  T am  sorry  to  say.  I think  however  that  we 
have  to  push  harder  in  this  area  and  put  more  emphasis  on  it  because  the  planners 
and  the  budgeteers  and  people  who  are  in  the  policy  making  area  are  frankly 
beginning  to  wonder  after  15  years  of  all  this  activity  and  apparent  success  in 
fluidics  technology  why  isn't  it  being  applied.  Again,  a major  reason  it 
isn't  being  applied  is  that  the  system  people  tend  automatically  to  consider 
electronic  systems  because  they  are  used  to  thinking  that  way.  I think  perhaps 
a lot  of  the  problem  is  that  they  are  not  used  to  thinking  fluidics  and  aren't 
familiar  with  it.  Perhaps  to  some  extent  this  is  a result  of  too  much  talking 
to  ourselves  in  this  closely  knit  technical  community  and  not  really  spending 
the  time  and  effort  required  to  make  the  potential  users  and  other  technologists 
understand  truly  what  thegtate  of  the  art  is  and  how  it  can  be  used.  This  is 
extremely  important  if  we  are  going  to  move  forward  in  this  technical  area.  We 
need  then  to  get  the  word  out. 

One  reason  that  I am  very  happy  to  see  the  amount  of  material  gathered  at 
this  symposium  is  (as  you  might  be  interested  to  know)  that  Dr.  Knausenberger 
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and  I who  are  on  the  Guidance  and  Control  Panel  of  AGARD  have  been  tasked  to 
put  together  an  AGARDograph  (which  is  an  internal  monograph  for  all  the  AGARD 
countries)  on  fluidics  and  our  plan  is  to  work  with  Mr.  Kirsner  to  use  parts  of 
this  symposium  together  with  European  papers.  The  AGARDograph  will  go  to  all 
the  European  NATO  communities  so  it  will  help  get  the  work  out. 

In  a nut  shell  my  message  to  you  this  morning  is,  "Get  out  and  preach  the  ^ 
gospel  and  get  the  word  around."  It  is  extremely  important  or  I think  this 


technology  will  begin  to  falter.  It  is  something  that  has  so  many  advantages 
it  really  behooves  you  to  do  this. 
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Taylor  Instrument  Process  Control  Division 

Sybron  Corporation 

ATTN:  Mr.  Stanley  C.  Norton,  Jr. 

95  Ames  Street 
Rochester,  NY  1 *4601 

FFA,  Fluid  Technology  Lab 
ATTN:  Mr.  K.  Sture  Nystrom 

S - 1 6 1 11  B romma  1 1 
Sweden 


OSWALD,  Robert  B.,  Jr. 


Commander 

Harry  Diamond  Laboratories 

ATTN:  AMXDO-RCA  (Dr.  Robert  B.  Oswald,  Jr.) 

Washington,  DC  20*438 


0TT,  Harold  N. 


Naval  Air  Engineering  Center 
Philadelphia  Naval  Base 
ATTN:  Mr.  Harold  N.  Ott 

Philadelphia,  PA  19112 


OWEN,  Edward  A. 


PAL,  Dharam 


Westinghouse  Electric  Corporation 
Research  Laboratories 
ATTN:  Mr.  Edward  A.  Owen 

R&D  Center,  Bldg.  *401 
Pi  ttsburgh,  PA  1 5235 

Naval  Civil  Engineering  Laboratory 
ATTN:  Mr.  Dharam  Pal 

Port  Hueneme,  CA  930*43 


PARKER,  G.  A. 


Department  of  Mechanical  Engineering 
University  of  Surrey 
ATTN:  Dr.  G.  A.  Parker 

Guildford,  Surrey,  UK 


McGIBONEY,  Ralph  L. 


NEAL,  James 


US  Naval  Ai  r Development  Center 
ATTN:  AVTD  (Mr.  Ralph  L.  McGiboney) 

Warminster,  PA  1897*< 

E.  I.  duPcnt  de  Nemours  & Company 
Engineering  Department 
ATTN:  Mr.  James  P.  Neal 

Louviers  Bldg 
Wi  lmi ngton,  DE  1 9 89 8 
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ORGANIZATION 


PATRICK,  John  P. 


PATTERSON,  Dr.  A.  M. 


PHILLIPPI , R.  Michael 


POOR,  Charles  L. 


POTTER,  R.  C. 


PRATT,  John  D. 


PABSTEJNEK,  Carl  V. 


RAKOWSKY,  Dr.  Edward  L. 


RAMOS,  Edward 


RANKIN,  Gary 


Ham i 1 ton  S tanda rd 

Division  of  United  Aircraft  Corp. 

ATTN:  Mr.  John  P.  Patrick 

Bradley  Field  Road 
Windsor  Locks,  CT  06096 

Canadian  Defense  Research  Staff 
2^50  Massachusetts  Avenue,  NW 
ATTN:  Dr.  A.  M.  Patterson 

Washington,  DC  20008 

Commande  r 

Harry  Diamond  Laboratories 

ATTN:  AMXDO-RCA  (Mr.  R.  Michael  Phi  11 

Washington,  DC  20^38 

Office  of  the  Assistant  Secretary 
Department  of  the  Army 
ATTN:  Mr.  Charles  L.  Poor 

Washington,  DC  20310 

Westinghouse  Nuclear 
P.  0.  Box  355 
ATTN:  Mr.  R.  C.  Potter 

Pittsburgh,  PA  15230 

Rodman  Laborator i 
Rock  Island  Arsenal 
ATTN:  SARRI-LA-T  (Mr.  John  D.  Pratt) 

Rock  Island,  IL  61201 

I BM  Corporat i on 
East  Fishki I 1 Faci 1 i ty 
ATTN:  Mr.  Carl  V.  Rabstejnek 

Dept  38A,  Bldg.  300-97 
Hopewell  Junction,  NY  12533 

EMX  Engineering  Incorporation 
35^  Newa rk-Pompton  Tpke. 

ATTN:  Dr.  Edward  L.  Rakowsky 

Wayne,  NJ  07^70 

Commander 

Harry  Diamond  Laboratories 

ATTN:  AMXDO-RCA  (Mr.  Edward  Ramos) 

Washington,  DC  20^38 

University  of  Windsor 

Dept  of  Mechanical  Engineering 

ATTN:  Gary  Rankin 

Windsor,  Ontario,  N9B,  Canada 


NAME 

RANKIN,  Tom  M. 


ORGANIZATION 

John  Hopkins  University 
Applied  Physics  Laboratory 
ATTN : Tom  M . Rank i n 

8621  Georgia  Avenue 
Silver  Spring,  MD  20910 


READER,  Kenneth  R. 


Naval  Ship  Research  & Development  Center 
ATTN:  Mr.  Kenneth  R.  Reader,  Code  169 

Bethesda , MD  20034 


REID,  Dr.  Karl  N. 


School  of  Mechanical  & Aerospace  Engineering 
Oklahoma  State  University 
ATTN:  Dr.  Karl  N.  Reid 

St i 1 1 wate r , OK  74074 


RINGWALL,  Carl  G. 


Specialty  Fluidics  Operation 
General  Electric  Company 
ATTN:  Carl  G.  Ringwall 

Building  3 7 ~ 5 1 1 
Schenectady,  NY  12345 


RIPKIN,  Fred 


Frankford  Arsenal 
Bridge  6 Tacony  Street 
ATTN:  Mr.  Fred  Ripkin,  PDM-P 

Philadelphia,  PA  19137 


ROE,  George  W. 


McDonnell  Douglas  Astronautics  Company 
P.  0.  Box  600 
ATTN:  Mr.  George  W.  Roe 

Titusville,  FL  32780 


R0FFMAN , Gary  L. 


R0UECHE,  Leon  M. 


Commander 

Harry  Diamond  Laboratories 

ATTN:  AMXD0-RCA  (Mr.  Gary  L.  Roffman) 

Washington,  DC  20438 

Corning  Glass  Works 
Houghton  Park,  B-2 
ATTN:  Mr.  Leon  M.  Roueche 

Corning,  NY  14830 


ROWELL,  Eugene  E.  Ill 


R0YLE,  Professor  J.  K. 


Mr.  Eugene  E.  Rowell,  III 
1 62 - D Malibu  P lace 
Newportnews,  VA  23&02 

Department  of  Mechanical  Engineering 
University  of  Sheffield 
ATTN:  Professor  J.  K.  Royle 

Mappin  Street 
Sheffield  SI  3JD,  UK 


NAME 


ORGANIZATION 


RUMPF , Richard  L. 


RUSSELL,  G.  Kenneth 


Applied  Physics  Laboratory 
John  Hopkins  University 
ATTN:  Richard  L.  Rumpf 

8621  Georgia  Avenue 
Silver  Spring,  MD  20910 

Wilkerson  Corporation 

1201  W.  Mansfield 

ATTN:  Mr.  G.  Kenneth  Russell 

Englewood,  CO  80110 


SAMPAR,  David  G, 


Picatinny  Arsenal 

ATTN:  SARPA-ND-C-C  (Mr.  David  G.  Sampar) 

Dover,  NJ  07801 


SARPKAYA,  T. 


SAUERWALT,  Arthur,  Jr. 


Naval  Postgraduate  School 
Department  of  Mechanical  Engineering 
ATTN:  Prof.  T.  Sarpkaya,  Cede  59SL 

Monterey,  CA  93940 

Naval  Ship  Engineering  Center 
Philadelphia  Division  Code  6772 
ATTN:  Mr.  Arthur  Sauerwalt,  Jr. 

Philadelphia,  PA  19112 


SCESNEY,  David  E. 


SCHAEDEL,  H.  M. 


Corning  Glass  Works 
Houghton  Park,  B~2 
ATTN:  Mr.  David  E.  Scesney 

Corning,  NY  14830 

Fachhochschule  Koln 
51  Aachen  Malmedyer  Str.  76 
ATTN:  Dr.  H.  M.  Schaedel 

West  Germany 


SCHAFFER,  David  J. 


Ai Research  Manufacturing  Company 

402  S.  36th  Street 

ATTN:  Mr.  David  J.  Schaffer 

P.  0.  Box  5217 

Phoenix,  AZ  85010 


SCHEIDLER,  Fred  E. 


Hamilton  Standard  Division 
Mai  1 Stop  1 2— 3~ 3 
ATTN:  Mr.  Fred  E.  Scheidler 

Windsor  Locks,  CT  06906 
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NAME 


SCHMIDLIN,  A.  E. 


SCHMI DT,  Edward  T. 


SCHOENAU,  Greg  J. 


SCHURMAN,  Walter,  R. 


SELENO,  A.  A. 


SEWELL,  Clint 


SHARK  I , Martin  J . 


SHEARER,  J.  L. 


SHEN,  Dr.  C.  N. 


SHIMRONY,  Yoram 


ORGANIZATION 


Picatinny  Arsenal 
CED,  NDED,  Bldg.  65 
ATTN : A . E . Schmi d 1 i n 

Dover,  NJ  07801 


Naval  Air  Development  Center 
ATTN:  AVTD  (Mr.  Edward  T.  Schmidt) 

Warminster,  PA  1397^ 


University  of  Saskatchewan 
ATTN:  Greg  J.  Schoenau 

Saskatoon,  SASK  S7NOWO,  Canada 


Monsanto  Research  Corp.  ration 
Mound  Road 

ATTN:  Mr.  Walter  R.  Schurman 

P.  0.  Box  32 
Miamisburg,  OH  453^2 


Bendix  Research  Laboratories 
Bendix  Center 
ATTN:  Mr.  A.  A.  Seleno 

Southfield,  Ml  43076 


Naval  Ordnance  Lab 
Division  412 
ATTN : Mr . Clint  Sewel 1 

Silver  Spring,  MD  20910 


Dresser  SWAC0 
P.  0.  Box  1407  DC2 
ATTN:  Mr.  Martin  J.  Sharki 

Houston,  TX  77001 


Pennsylvania  State  University 
Dept  of  Mechanical  Engineering 
ATTN:  J.  L.  Shearer 

University  Park,  PA  1 6802 


Benet  Weapons  Lab 
Wa te rv 1 i et  Arsena 1 
ATTN:  Dr.  C.  N.  Shen 

Watervl i et , NY  12189 


Tel -Av i v University 
Ramat-Aviv,  Tel-Aviv  69978 
ATTN:  Yoram  Shimrony 

I s rael 
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NAME 


SNOWBALL,  Harry  M. 


SOLOMON,  Merri I I 


SOMERS,  James  F. 


SOWERS,  Edwin  U.  , II 


SPYROPOULOS,  Chris 


SRIDHAR,  K. 


STACILAUSKAS,  Ronald 


STERN,  H. 


STOY,  Dr.  Robert  L. 


STRAITZ,  John  F. 


ORGANIZATION 


Air  Force  Flight  Dynamics  Lab/FGL 
Wr ight-Patterson  Air  Force  Base 
ATTN:  Mr.  Harry  M.  Snowball 

Dayton,  OH  *45*<33 


Merrill  & Company 
Suite  1 000 

ATTN:  Mr.  Merrill  Solomon 
1019  Nineteenth  Street,  NW 
Washington,  DC  2003& 


Hami I ton  Standard 
Ma  i 1 Stop  1 a-3_5 
ATTN:  Mr.  James  F.  Somers 

Windsor  Locks,  CT  06096 


Mr.  Edwin  U.  Sowers 
P.  0.  Box  216 
Quantin,  PA  17083 


I I 


Commander 

Harry  Diamond  Laboratories 

ATTN:  AMXD0-RDD  (Mr.  Chris  Spyropoulos) 

Washington,  DC  20*438 


University  of  Windsor 

Dept  of  Mechanical  Engineering 

ATTN:  K.  Sridhar 

Windsor,  Ontario,  N9B  3P*4,  Canada 


Lear  Siegler,  Inc. 

*4  1*41  Easter,  SE 

ATTN:  Mr.  Ronald  Stacilauskas 

Grand  Rapids,  Ml  *49508 


General  Electric  Company 
Specialty  Fluidics  Operation 
ATTN:  Mr.  H.  Stern 

Building  37“51 1 
Schenectady,  NY  123*45 


Techicon  Instruments  Corporation 
51  1 Bendict  Avenue 
ATTN:  Dr.  Robert  L.  Stoy 

Tarrytown,  NY  10591 


National  Airoil  Burner 
128*4  E.  Sedgley  Avenue 
ATTN:  Mr.  John  F.  Straitz 

Phi  ladalphia,  PA  1913*4 
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NAME 

STRAUB,  Henrik  A. 


STRYKER,  David  P. 


SUTTON,  Trevor  G. 


TAFT,  Dr.  C.  K. 


TANNEY,  J.  W. 


TAPLIN,  L.  B. 


TAYLOR,  Donald  L. 


TAYLOR,  Ernest  A. 


TAYLOR,  Wesley  L. 


TENNEY,  Stephen  M. 


ORGANIZATION 


Boeing  Company 
P.  0.  Box  3707 

ATTN:  Mr.  Henrik  A.  Straub,  MS77"39 

Seattle,  WA  981 2^4 


Lear  S i eg  1 er , Inc. 

4l4l  Eastern,  SE 

ATTN:  Mr.  David  P.  Stryker 

Grand  Rapids,  Ml  49508 


AiResearch  Manufacturing  Company 
P.  0.  Box  5217 
ATTN:  Mr.  Trevor  G.  Sutton 

Phoenix,  AR  85010 


University  of  New  Hampshire 
ATTN:  Dr.  C.  K.  Taft 

Durham,  NH  03824 


Low  Speed  Aero  Laboratory 
National  Research  Council 
ATTN:  Mr.  J.  W.  Tanney 

Monteral  Road 
Ottawa,  Canada  K1A  0R6 


Bendix  Research  Laboratories 
Bendix  Center 
ATTN:  Mr.  L.  B.  Tapi  in 

Southfield,  Ml  48076 


Lockheed  California  Company 
Dept.  74-75,  Bldg.  229,  Plant  2 
ATTN:  Mr.  Donald  L.  Taylor 

Burbank,  CA  91503 


Monsanto  Textiles  Company 
P.  0.  Box  2204 
ATTN:  Mr.  Ernest  A.  Taylor 

Decatur,  AL  35601 


Powers  Regulator  Company 
3400  W.  Oakton  Street 
ATTN:  Mr.  Wesley  L.  Taylor 

Skokie,  IL  60076 


Commander 

Harry  Diamond  Laboratories 

ATTN:  AMXD0-RCA  (Mr.  Stephen  M.  Tenney) 

Washington,  DC  20438 
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NAME 

THOMPSON,  Dr.  R.  V. 
TILLMAN,  H. 

TIPPETTS,  Dr.  J.  R. 

TO DA , Kenj i 
TORAIN,  Alfonzo  M. 
TOWNSEND,  Phi  lip  E. 

TUREK,  Robert  F. 

TUZSON , J. 

TRIVELPIECE,  Dr.  Alvin  W. 
TRYBUL,  Dr.  T.  S. 
VanPROOYEN , Capt.  Jan 


ORGANIZATION 


Marine  Industries  Centre 

2 A Claremont  Place 

ATTN:  Dr.  R.  V.  Thompson 

Newcastle  upon  Tyne  NE2  4AA,  England 

Messerschmi tt_Bol kow-Blohm  GmbH 
ATTN:  Mr.  H.  Tillman 

8000  Munchcn  80 , Postfach  80  11  49 
Germany 

Sheffield  University 

Dept  of  Chem  Engrg  & Fuel  Tech 

ATTN:  Dr.  J.  R.  Tippetts 

Mappin  Street,  Sheffield  SI  3JD,  UK 

Commander 

Harry  Diamond  Laboratories 
ATTN:  AMXDO-RCA  (Mr.  Ken j i Toda) 

Washington,  DC  20438 

Defense  Documentation  Center 
Cameron  Station 
ATTN:  Mr.  Alfonzo  M.  Torain 

Alexandria,  VA  22134 

Rock  Island  Arsenal 
Rodman  Lab 

ATTN:  Mr.  Philip  E.  Townsend 

Rock  Island,  IL  61201 

Lintec,  Inc. 

7 Dalamar  Street 

ATTN:  Mr.  Robert  F.  Turek 

Gaithersburg,  MD  20760 

Borg-Warner,  Research  Center 
Wolf  £ Algonquin  Roads 
ATTN:  Mr.  John  Tuzson 

Des  Plaines,  IL  60018 

Atomic  Energy  Commission 
Div  of  Controlled  Thermonuclear  Research 
ATTN:  Dr.  Alvin  W.  Trivelpiecc 

Washington,  DC  20545 

Army  Advance  Materiel  Command  Agency 
5001  Eisenhower  Avenue 
ATTN:  Dr.  T.  S.  Trybul 

Alexandria,  VA  22333 

Defense  Nuclear  Agency 

ATTN:  RAEV  (Capt.  Jan  Van  Prooyen) 

Washington,  DC  20305 


NAME 


WADA,  Professor  Tsutomu 


WAGNER,  Paul  M. 


WARE,  Robert  N. 


WARREN,  Raymond 


WELK,  Horace  B. 


WILLIAMS,  Robert  M. 


ORGANIZATION 


Okayama  University 

ATTN:  Professor  Tsutomu  Wada 

Okayama,  Japan 


Air  Force  Flight  Dynamics  Lab 
Wr  i ght-Patterson  Air  Force  Base 
ATTN:  Mr.  Paul  M.  Wagner 


Commander 

Harry  Diamond  Laboratories 

ATTN:  AMXDO-RC  (Mr.  Samuel  C.  Wagner,  IV) 

Washington,  DC  2 04 38 


Army  Mobility  Equipment  R5D  Center 
ATTN:  STSFB-EP  (Mr.  Robert  N.  Ware) 

Ft.  Belvoir,  VA  22060 


Mr.  Raymond  Warren 
7925  Fal staff  Road 
McLean,  VA 


Honeywe 11  Inc. 

2600  Ridgway  Parkway 
ATTN:  Dr.  G.  E.  Webber 

Minneapolis,  MN  55413 


Naval  Air  Development  Center 
ATTN:  AVTD  (Horace  B.  Welk,  3042*0 

Warminster,  PA  18974 


Frankford  Arsenal 
Bridge  & Tacony  Streets 
ATTN:  Wilber  E.  West,  Jr. 

Philadelphia,  PA  19H7 


McDonnel 1 -Douglas  Astronautics  Company 
P.  0.  Box  600 

ATTN:  Dr.  W.  J.  Westerman 

Titusville,  FL  32780 


Naval  Ship  R&D  Center 

Aviation  6 Surface  Effects  Dept 

ATTN:  Mr.  Robert  M.  Williams,  Code  1 6 0 5 

Bethesda,  MD  20034 


Commande  r 

Naval  Ordnance  Lab 

ATTN:  Capt.  Robert  Williams,  II 

White  Oaks,  MD  20910 


WILSON,  Wi 1 I iam  G. 


WOJC I KOWSKI , R.  J. 


WOODS,  Dr.  Robert  L. 


WOODWARD,  Dr.  Kenneth  F. 


WORMLEY,  Dr.  David  N. 


WRIGHT,  Lorraine  D. 


WRIGHT,  Robert  E. 


YOUNG,  Robert  W. 


ZALESKY,  Capt.  Paul 


ZOYA,  Walter  J 


ORGANIZATION 


Hercules  Inc. 

Alleghany  Ballistics  Lab 
ATTN:  Hr.  William  G.  Wilson 

Cumberland,  MD  21502 


Dana  Corporation 

Technical  Center 

ATTN:  Hr.  R.  J.  Wojcikowski 

8000  Yankee  Road 

Ottawa  Lake,  HI  49267 


University  of  Texas  at  Arlington 
Hechanical  Engineering  Department 
ATTN:  Dr.  Robert  L.  Woods 

Ar 1 i ngton , TX  7601  0 


US  Army  Hedical  Bioengineering  R£D  Lab 
Fort  Detrick 

ATTN:  Dr.  Kenneth  F.  Woodward 

Frederick,  MD  21701 


Massachusetts  Institute  of  Technology 
Room  3-146 

ATTN:  Dr.  David  N.  Wormley 

Cambridge,  MA  02139 


Rock  I s land  Arsenal 
Rodman  Laboratories 

ATTN:  SARRI-LA-AC  (Ms.  Lorraine  D.  Wright) 

Artillery  6 Armored  Weapon  Systems  Directorate 
Rock  Island,  IL  61201 


McDonnel 1 -Douglas  Astronautics  Company 
P.  0.  Box  600 

ATTN:  Mr.  Robert  E.  Wright 

T i tusvi lie,  FL  32780 


GE-RESD 

3198  Chestnut  Street 
ATTN:  Mr.  Robert  W.  Young 

Phil adel ph i a , PA  19101 


Air  Force  School  of  Aerospace  Medicine 
ATTN:  VNT  (Capt.  Paul  Zalesky) 

Brooks  Air  Force  Base 
San  Antonio,  TX  78218 


Sperry-V i ckers 

P.  0.  Box  302 

ATTN:  Mr.  Walter  J.  Zoya 

Troy,  Ml  48084 
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manufacturer  of  industrial  instruments,  controls  and  pneumatic  comparator 
gages 

Mr.  Adams  received  his  Bachelor  and  Master  of  Science  degrees 
in  mechanical  engineering  from  MIT  and  has  beem  employed  in  development 
and  research  by  the  Moore  Products  Co.  for  twenty-one  years.  He  is 
credited  with  fourteen  patents  and  is  co-inventor  of  five  additional 
patents.  He  is  also  an  Adjunct  Associate  Professor  in  mechanical 
engineering  at  Drexel  University  Evening  College. 


W.  J.  Anderson 


Educat ion: 


Phoenix  College  - various  Engineering  courses 


Work  History: 

19^7  - 1952 
1952  - Date 


Broadcast  Transmitter  Engineer 

Time  Study  Analyst  and  Method  Engineer 
(Presently  responsible  for  photo-fabr icat ion 
facility  and  photo- fabr i cat i on  processes) 


Basil  B . Beeken 

Mr.  Beeken  is  presently  Director  of  Research  for  the  ASCO  Air 
Controls  Department  where  he  is  responsible  for  advancing  the  state  of 
the  art  in  Fluidics. 


Prior  to  his  association  with  ASCO,  he  was  Manager  of  New  Product 
Research  at  P i tney-Bowes . 

Mr.  Beeken  joined  Pi tney-Bowes  in  1 962  as  a Senior  Physicist, 
and  has  been  engaged  in  wall  attachment  fluid  amplifier  and  sensor 
research,  document  propulsion  and  control,  ultra  high  frequency  sonic 
generation  and  detection  for  use  as  an  input  sensor  in  fluidic  transducers 
for  interfacing  with  other  technologies.  He  also  has  contributed 
significantly  to  the  development  of  fluidic  to  mechanical  devices.  His 
research  and  analysis  of  the  forces  available  for  fluidic  document  handling 
have  provided  the  basis  for  Pitney-Bowes  advancements  in  this  field.  He 
has  applied  for  eighteen  patents  relating  to  fluidics,  sixteen  of  which 
he  now  holds. 


Basil  B.  Beeken  (cont . ) 
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Formerly,  Mr.  Beeken  was  Research  Assistant  and  instructor  at 
Yale  University  where  he  was  engaged  in  plasma  research,  an  area  in 
which  he  has  published.  Concurrently  with  this  work,  he  was  chairman 
of  the  Science  Department  of  the  University  of  New  Haven  as  well  as  an 
Associate  Professor  in  Physics. 


He  is  a member  of  the  American  Physical  Society,  Fluid  Power 
Society  and  is  the  review  chairman  for  the  fluidics  section  of  the 
Instrument  Society  of  America. 


His  publications  in  the  field  of  fluidics  include: 


"A  Theoretical  and  Experimental  Study  of  a Coanda  Curved 
Wall  Attachment  Device"  - American  Society  of  Mechanical  Engineers, 
1968. 


"A  Fluidic  Acoustic  Sensor"  - Instrument  Society  of  America,  1970 
Fluidics  Quarterly,  1971. 


"A  Long  Range  Fluidic  Acoustic  Sensor"  - American  Society  of 
Mechanical  Engineers,  1972.  Fluidics  Quarterly,  1973- 


He  was  honored  by  the  Fluid  Power  Society  with  the  Design  Award 
of  the  Year,  1972. 


Adam  C.  Bell 


Associate  Professor  of  Mechanical  Engineering  at  the  State  University 
of  New  York  at  Buffalo,  Buffalo,  New  York,  lA2l4.  Undergraduate  education 
in  Nova  Scotia,  Canada:  B.Sc.,  Dalhousie  University,  1961;  B.Eng.  (cum 

laude).  Nova  Scotia  Technical  College,  1 9&3 - Graduate  education  at 
Massachusetts  Institute  of  Technology,  all  in  Mechanical  Engineering: 

S.M,  1966,  M.E.,  1968,  Sc.Q.,  1969.  On  the  faculty  of  SUNY/Buffalo  since 
1968.  Honors  have  included  the  Canadian  Aeronautics  and  Space  Institute 
Medal,  1962  and  the  SAE  R.R.  Teetor  Award,  1970.  Currently  active  in 
the  ASME,  Sigma  Xi,  and  Tau  Beta  Pi.  ASME  activities  include:  Papers 

Review  Chairman,  Bioengineering  Division,  Member  of  Automatic  Control 
Division  Ad  Hoc  Committee  on  Industrial  Participation,  and  ACD  representa- 
tive to  the  Fluidics  Committee.  Current  research  interests  include: 
theory  and  application  of  bond  graphs  to  systems  modeling;  fluidics; 
instrumentation  for  applications  in  mechanical  testing,  the  scanning 
electron  microscope,  and  bioengineering;  dynamic  modeling  of  earthmoving 
equipment  and  vibratory  rollers;  and  computer  aided  assembly  machines. 
During  the  academic  year  1975-1976  the  author  will  be  working  on  the 
last  of  these  on  sabbatical  at  MIT. 


(“ha  r 1 es  J . Bell,  Jr. 


Bell,  Jr.  is  presently  Professor  of  Mechanical  Engineering 
State  University.  He  received  a B.S.  in  Mechanical 
19^9  from  Mississippi  State  University,  a M.S.  in  Mechanical 
1963  and  a Ph.D.  in  1965  from  Georgia  Institute  of  Technology. 
He  holds  membership  in  Tau  Beta  Pi,  Pi  Tau  Sigma,  Fluid  Power  Society, 

Sigma  Xi,  and  Instrument  Society  of  America.  His  technical  areas  of 
interest,  research,  and  publications  include  automatic  controls,  fluid 
controls,  vibrations,  fluid  mechanics,  and  thermodynamics. 


Charles  J. 
at  Mississippi 
Engineering  in 
Engineering  in 


Robert  H . Bell  man 

B.S.  Aero  Engineering  - University  of  Illinois,  1958 
M.S.  Engineering  Sciences  - University  of  Buffalo,  197^ 

Employed  at  Corning  Glass  Works  and  have  worked  in  Fluidics 
since  1963.  Work  has  included  gate  and  circuit  design.  Won  2 Fluid 
Power  Society  design  awards  for  Corning,  and  has  been  awarded  7 patents. 


Charles  A.  Belsterling 

Mr.  Belsterling  is  currently  Manager  of  the  Electrical  Engineering 
Laboratory  of  the  Franklin  Institute  Research  Laboratories  in  Philadelphia, 
Pa.  His  work  includes  directing  and  participating  in  all  projects  in- 
volving fluidics  and  fluid  logic. 

Mr.  Belsterling  has  a technical  background  of  more  than  20  years 
in  all  types  of  feedback  control  and  servo  systems.  In  1963  under  the 
sponsorship  of  Harry  Diamond  Laboratories,  he  initiated  fluidics  research 
at  The  Franklin  Institute  and  began  a program  in  component  characterization 
from  the  point  of  view  of  the  control  systems  engineer.  After  joining 
Giannini  Controls  in  196A  he  continued  the  program  with  support  from 
the  Army  Aviation  Material  Labs  and  developed  a complete  unified  approach 
to  straightforward  fluidic  systems  design.  Beginning  in  1965  he  directed 
a program  to  apply  fluidic  devices  and  techniques  to  aircraft  control 
and  demonstrated  the  feasibility  of  aircraft  stabilization  without  moving 
parts.  In  1967  he  became  co-founder  of  Cutler  Controls,  Inc.  with  the 
responsibility  for  the  development  and  production  of  a complete  line  of 
fluidic  devices  for  the  industrial  market.  During  this  period  he  expanded 
his  research  on  fluidic  device  modeling  into  a full-length  reference 
book,  Fluidic  Systems  Design,  published  by  John  Wiley  and  Sons  in  1 97 1 - 
Since  returning  to  The  Franklin  Institute  in  1971  he  has  been  developing 
mathematical  models  for  a variety  of  fluidic  components  and  applying 
analog  and  digital  computers  in  the  design  and  analysis  of  fluidic 
systems. 
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Charles  A.  Belsterling  (cont.) 

Mr.  Belsterling  earned  a B.S.  degree  in  Electrical  Engineering  at 
Drexel  Institute  of  Technology  in  1951,  and  an  M.S.  degree  in  Electrical 
Engineering  at  the  University  of  Pennsylvania  in  1955,  majoring  in 
feedback  control  systems. 


J.  D.  Black 

Assistant  manager  of  Fairline  Furniture  Pty.  Limited,  Sydney, 
Australia.  He  received  his  B.Sc.  and  B.E.  degrees  from  the  University 
of  Sydney  and  his  M. Eng. Sc.  degree  from  the  University  of  New  South  Wales, 
Austral i a . 

He  was  employed  as  a research  engineer  at  M.D.  Research  Company 
in  Sydney  from  1970  until  he  took  up  his  present  appointment  in  1973. 


Willis  A.  Boothe 

Prior  to  his  current  assignment  in  the  area  of  coal  and  oil 
gasification  projects,  Mr.  Boothe  was  active  in  various  aspects  of  fluid 
power  control  since  joining  the  General  Electric  Company  in  1950.  A 
graduate  of  Carnegie  Institute  of  Technology  (BSME  1949,  MSME  1950)  and 
of  General  Electric's  Fluid  Mechanics  "C“  Course,  he  joined  a predecessor 
laboratory  to  General  Electric's  Corporate  Research  and  Development  in 
1953-  There,  he  developed  hydraulic  and  pneumatic  controls  for  industrial, 
aircraft  and  marine  applications.  He  has  been  active  in  fluidics  since 
1961  and  holds  more  than  thirty  five  patents  for  fluidic  and  fluid  power 
control  devices.  He  is  a member  of  the  American  Society  of  Mechanical 
Engineers,  and  a registered  Professional  Engineer  in  New  York  State. 


Roma  Id  Edward  Bowles 

Engineering  Consultant,  2105  Sondra  Ct.  Silver  Spring,  Md.  20904, 

Born  13  Feb  ‘24,  B.S.  '47,  M.S.  '48,  Ph.D.  '57  Univ  of  Md.  Mechanical 
Engr.  (Aero  Optn  Course)  with  Minors  in  Math  & Physics. 

AWARDS:  '47  ASME  Wash  Sec  Student  Prize,  '56  Diamond  Ordnance  Fuze 

Laboratories  Fellowship,  ' 60  Wash  Academy  of  Sciences  Outstanding 
Achievement  Award  for  the  Technical  Sciences,  '62  Dept  of  the  Army  R&D 
Achievement  Award,  1 63  Pi  Tau  Sigma  Honorary  Membership,  '65  National 
Fluid  Power  Assn  Achievement  Award,  '66  The  John  Scott  Medal. 

PATENTS:  Inventor  or  co-inventor  of  53  U.S.  Patents  and  128  Foreign 

Patents  with  additional  foreign  and  domestic  patents  pending. 
MEMBERSHIPS:  Fellow,  Wash  Academy  of  Sciences,  Associate  Fellow  AIAA, 

Senior  Member  ISA,  Member  ASME,  ADPA,  MDSA,  Sigma  Xi  The  Scientific 
Research  Society  of  North  America,  N.G.S.,  Pi  Tau  Sigma. 

REGISTERED  PROFESSIONAL  ENGINEER,  Maryland,  Specialties-  Mech  Engr, 
Fluid  Dynamics,  Fluidics,  New  Product  R&D. 


Romald  Edward  Bowles  (cont.) 


EMPLOYMENT:  'A6  David  Taylor  Model  Basin,  ‘^7-^8  Univ  of  Md.  College 

of  Engr,  '48-'50  Naval  Ordnance  Laboratory,  1 50 - 1 5^*  The  John  Hopkins 
Univ.  Applied  Physics  Lab,  '5^  Ordnance  Missile  Lab  Redstone  Arsenal, 
1 5^+ - '61  Diamond  Ordnance  Fuze  Laboratories,  1 6 1 Bowles  Engr.  Co., 

1 61  - 1 73  Bowles  Fluidics  Corp.,  '73_present  Engineering  Consultant. 


Rolf  K.  Brodersen 


Mr.  Brodersen  received  an  MSEE  in  1952  from  the  Technische  Hochschule 
Karlsruhe  (West  Germany)  and  holds  an  MSIE  (1959)  from  Columbia  University, 
New  York.  From  1952  to  1 95^  he  worked  on  microwave  transmitter  development 
at  the  Central  Laboratories  of  Siemens  and  Halske  in  Munich,  West  Germany. 
During  195^  and  1955,  Mr.  Brodersen  was  development  engineer  at  the 
Westinghouse  Lamp  Division  in  Bloomfield,  New  Jersey.  In  1955,  he  joined 
the  Kearfott  Company  in  Little  Falls,  New  Jersey,  where  he  was  employed 
until  1962  in  various  assignments  covering  inertial  guidance  and  flight 
control  components  and  subsystem  design  and  development.  Since  1962  he 
is  a senior  staff  engineer  (now  Member,  Professional  Staff)  at  the  Orlando 
Division  of  Martin  Marietta  Aerospace,  engaged  in  research,  application 
studies,  and  development  of  inertial  sensors  as  well  as  of  guidance  and 
control  subsystems  and  components.  Since  1968,  his  work  has  been  concerned 
with  fluidic  technology  in  tactical  weapon  system  applications.  At  the 
present  time,  he  is  responsible  for  the  development  of  two  types  of  fluidic 
inertial  gyros  (under  contract  to  the  Naval  Air  Systems  Command)  and  of 
a fluidic  ejection  seat  sequencer  (for  the  Naval  Ordnance  Station,  Indian 
Head,  Maryland).  The  author  of  eight  technical  papers,  Mr.  Brodersen 
holds  six  patents,  and  is  a member  of  the  IEEE. 


Forbes  T.  Brown 


Forbes  T.  Brown,  a native  of  Newton,  Massachusetts,  spent  the  years 
1952-1970  at  M. 1 .T. , including  periods  as  undergraduate  and  graduate 
student,  instructor,  assistant  professor  and  associate  professor.  Since 
1970  he  has  been  Professor  of  Mechanical  Engineering  at  Lehigh  University, 
Bethlehem,  Pennsylvania.  General  interests  include  design,  dynamic 
analysis  and  control  of  engineering  systems.  His  research  has  involved 
primarily  fluid  systems,  most  particularly  fluidics  and  fluid  line  dynamics, 
and  secondarily  the  modeling  and  analysis  of  lumped  and  distributed-parameter 
systems.  His  first  report  on  bistable  fluidic  amplifiers  is  dated  June, 

1959,  six  months  before  the  announcement  of  the  birth  of  fluidics  by  the 
Diamond  Ordnance  Fuse  Laboratories  (now  HDL) . He  presently  is  engaged  in 
teaching  dynamic  analysis  and  control,  serving  as  Senior  Member  of  the 
Executive  Committee  of  the  Fluids  Engineering  Division  cf  ASME  (where  he 
was  instrumental  in  starting  the  Journal  of  Fluids  Engineering,  and  was 
the  first  ful-term  Chairman  of  the  Fluidics  Committee),  and  doing  research 
on  the  deterministic  aspects  (resonance)  of  the  structure  cf  turbulence 
of  the  flow  in  tubes  with  harmonic  excitation. 
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Pah  I . Chen 


Pah  I.  Chen  was  born  in  Fukien  Province,  China,  on  April  4 , 1938. 

He  completed  his  undergraduate  study  in  Taiwan  where  he  was  awarded  a B.S. 
degree  from  Cheng  Kung  University  in  I960.  He  came  to  the  United  States 
in  1962.  Subsequently,  he  studied  at  Virginia  Polytechnic  Institute 
where  he  received  his  M.S.  degree  in  1963,  and  Ph.D.  degree  in  1966.  He 
is  presently  an  associate  professor  in  the  Engineering  and  Applied  Science 
Department,  Portland  State  University,  Portland  Oregon.  He  has  been 
responsible  there  for  establishing  a Fluid  Control  Laboratory.  He  teaches 
courses  in  fluid  mechanics,  thermodynamics,  heat  transfer,  and  fluid 
control  systems.  Recently,  he  assisted  the  Oregon  Museum  of  Science  and 
Industry  in  designing  a whole  series  of  fluidic  exhibits  for  permanent 
display  at  the  Museum.  He  is  a member  of  the  American  Society  of  Mechanical 
Engineers,  and  Sigma  Xi  Society.  He  is  also  a member  and  one  of  the  founders 
of  the  Oregon  Fluid  Power  Association.  He  is  married  and  has  one  son. 


WMliam  George  Colborne 

Title:  Professor  and  Head  of  Mechanical  Engineering  Department 

Education:  Queen's  University,  B.Sc.  in  Mech.  Eng.  in  1948 
Queen's  University,  M.Sc.  in  Mech.  Eng.  in  I960 


J.  H.  Cole 


Position:  Associate  Professor  of  Mechanical  Engineering 

University  of  Arkansas,  Fayetteville,  Arkansas 

Education:  B.S.,  M.S.,  and  Ph.D.  degrees  in  Mechanical  Engineering 

from  Oklahoma  State  University,  1958,  1963,  and  1968 
respect i vel y . 

Experience:  1968-Present.  Teaching  and  Research  at  U of  A.  Courses 

include  Fluid  Logic,  Hydraulic  Control,  Systems  Dynamics, 
and  Machine  Design.  Research  efforts  include  fluid  logic 
synthesis  procedures  development,  hydraulic  systems,  and 
design  projects.  Also  serve  as  consultant  in  controls, 
des i gn , and  ana  lysis. 

1964-1968.  Senior  Design  Engineer  for  Rockwell  International 
Corp.,  Tulsa  Division. 

1963-1964.  Senior  Design  Engineer  for  General  Dynamics, 

Fort  Worth  Division. 

1958-1963.  Engineer  for  American  Airlines. 

Professional 

Societies  : Member  ASME,  SAE,  ASEE,  Sigma  Xi,  and  Fluid  Power  Society. 
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Robert  A.  Comparin 


R.  A.  Comparin  received  his  B.S.  in  1954,  his  M.S.  in  1958,  and 
his  Ph.D.  in  I960,  all  in  mechanical  engineering  at  Purdue  University. 

As  a graduate  student  at  Purdue,  he  was  also  an  instructor  in  the 
Mechanical  Engineering  Department.  In  the  summers  of  1953  and  1954 
he  was  employed  by  the  General  Electric  Company.  From  February  I960 
until  August  1962  he  was  employed  in  the  Product  Development  and  Research 
Laboratories  of  the  Internationa!  Business  Machines  Corporation.  He 
was  an  assistant  professor  at  the  University  of  Main  from  September 
1962  until  June  1964.  At  that  time  he  hoined  the  faculty  of  VPI  and 
remained  there  as  a professor  in  the  Mechanical  Engineering  Department 
until  June  1974.  He  was  a consultant  in  fluidics  for  Corning  Glass 
Works  from  1963  until  1968,  and  has  taught  and  conducted  research  in 
the  fluidics  and  fluid  mechanics  area.  Dr.  Comparin  is  currently 
Chairman  of  the  Mechanical  Engineering  Department  at  Newark  College  of 
Eng i neer i ng . 


Lyndon  S.  Cox 


Lyndon  S.  Cox  is  a mechanical  engineering  graduate  of  the  University 
of  Maryland,  a member  of  Pi  Tau  Sigma  and  Tau  Beta  Pi  honor  societies,  and 
the  product  of  over  twenty  years  of  diversified  engineering  experience. 
This  experience  includes  tool  design,  product  design,  instrumentation 
and  environmental  testing  at  the  Naval  Gun  Factory  and  the  Harry  Diamond 
Laboratories  (HDL)  , with  additional  experience  in  rad i o- te 1 emet ry , nuclear 
weapons  effects,  and  fluidics  at  HDL.  He  has  served  in  fluidics  as  a 
researcher,  a development  supervisor,  instigator  of  manufacturing 
technology  programs , '^nd  as  coordinator  of  the  Army  fluidic  program. 


Richard  Deadwyler 


Electronics  Engineer 
BSEE  - ME  (EE) 


Mr.  Deadwyler  has  worked  on  acoustic  phenomena  and  fluidics  for  ten 
years  in  the  areas  of  flueric  signal  mixing,  pressure  regulation,  impedance, 
oscillators,  amplifiers,  speech  amplification  and  transmission,  and  hydraulic 
fluidic  compensation  circuits.  He  has  made  original  con t r i but i ons  in  many 
of  these  areas.  He  developed  a signal  mixing  technique  to  reduce  high  fre- 
quency sensor  outputs  and  opened  the  field  of  fluerics  to  acoustic  switching 
of  jets.  His  study  of  fluid  resistance  has  shown  how  lumped  parameter 
resistance  varies  with  temperature  in  the  previously  unknown  area  between 
the  laminar  and  fully  turbulent  regimes.  Recently  he  made  a linearized 
lumped  parameter  analysis  which  shows  that  flueric  oscillators  can  be  made 
temperature  and  pressure  insensitive.  He  has  authored  or  coauthored  a 
number  of  technical  papers  ir  these  areas. 
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Tadecsz  M.  Drzewiecki 

Mr.  Drzewiecki  (pronounced  JRE-Vl ET-SKI ) was  born  in  London, 

England  in  19^3  of  Polish  emigre  parents.  His  primary  education  was  in 
England.  He  came  to  the  U.S.  in  1956  and  completed  his  education  in 
New  York.  He  was  graduated  from  The  City  College  of  the  City  University 
of  New  Yo-k  with  a Bacheloi  of  Engineering  (Mechanical)  and  a Second 
Lieutenants  Commission  in  1966.  He  was  awarded  the  David  B.  Steinman 
Memorial  Scholarship  and  continued  his  studies,  culminating  in  a Masters 
Degree  in  January  of  1968.  He  continued  his  studies  until  June. 

Mr.  Drzewiecki 's  career  in  research  started  with  National  Science 
Foundation  Apprenticeships  during  the  summers  of  1966  and  1967  where  he 
conducted  studies  of  two  dimensional  heat  transfer  with  phase  change. 

He  worked  as  an  engineering  instructor  in  the  Mechanical  Engineering 
Department  of  CCNY  and  taught  Thermodynamics,  Heat  Transfer  and  Gas 
Dynamics.  Ir  1967  he  obtained  a position  at  the  Harry  Diamond  Laboratories 
as  a Research  Mechanical  Engineer  in  the  Fluidic  Systems  Research  Branch. 

In  1968,  Mr.  Drzewiecki  entered  active  duty  in  the  Army  Corps  of 
Engineers  and  was  assigned  for  three  years  to  the  harry  Diamond  Laboratories. 
Upon  release  from  active  duty  in  1971,  with  the  Army  Commendation  Medal 
for  Meritorious  technical  service,  he  rejoined  the  civilian  ranks  of  HDL. 

In  1972  he  was  awarded  the  HDL  Hinman  Award  for  Technical  Excellence 
for  his  contribution  to  Fluidics.  Mr.  Drzewiecki  is  presently  an  Acting 
Research  and  Development  Supervisor  in  the  Fluidic  Systems  Research 
Branch.  He  is  the  author  of  over  25  technical  papers  and  the  holder 
of  four  U.S.  Patents  in  the  field  of  fluidics.  He  is  married,  has  a 
four  year  old  daughter,  and  i s present  1 y res i d i ng  in  Colesville,  Maryland. 

Edward  R.  Durlak 

Educat ion : 

BSME,  University  of  California  (LA),  1968 
MSME,  University  of  California  (LA),  1971 

Experience:  Four  years  at  Rocketdyne  Corp.  in  area  of  rocket 

system  performance  analysis,  acceptance  testing,  and  component  integration. 
Three  years  at  Civil  Engineering  Laboratory,  NCBC,  in  areas  of  structural 
platforms,  VLF  antenna  insulators,  energy  storage  systems,  fluidics, 
and  solid  waste  disposal. 


Richard  H.  Fashbaugh 


Educa  t i on : 

BSEE,  University  of  Michigan,  15^9 
MSEM,  University  of  Michigan,  1950 
Ph.D.,  University  of  Colorado,  1969 
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Richard  H.  Fashbaugh  (cont.) 


Fxperience:  Five  years  at  Civil  Engineering  Laboratory,  NCBC  working 

in  hydraulic  fluidic  device  development  and  nuclear  blast  wave  propagation 
studies.  Five  years  at  the  Martin  Marietta  Corporation  where  responsibilities 
included  missile  propellant  system  design  and  testing  and  propulsion  system 
transient  flow  analysis.  Seven  years  at  the  Allison  Division  of  General 
Motors  associated  with  gas  turbine  mechanical  design  and  high  temperature 
gas  flow  and  heat  transfer  analysis. 


Solomon  S.  Fineblum 


George  Washington  University,  B.M.E.,  1950,  M.S.E.,  1962.  At 
Conva i r Aircraft,  aircraft  engine  installations  and  fuel  and  oil  system 
designs.  Later  at  North  American  Aviation,  I performed  aircraft  propulsion 
and  colling  R&D,  developed  an  optimization  method  for  aircraft  fluid  systems, 
performed  two-phase  flow  analysis  and  developed  a fuel-air  separator.  I 
did  techno-economic  forecasting,  developed  test  methods  ar,d  plans  and 
general  fluid-dynamic  analysis.  Developed  aircraft  air  conditioning 
systems  and  analyzed  swimming  animal  propulsion. 


At  RANCO,  Columbus,  Ohio,  I 
studies  on  refrigeration  and  air 
fluidics  R£D. 


performed  research  and  feasibility 
conditioning  control  systems,  and 


At  Bellcomm,  Washington,  DC,  I performed  thermal  balance  and 
mass-flow  analysis  for  space  craft  and  developed  theory  fc r flame 
propagation  in  oxygen-enr icfied  atmospheres. 


At  Bell  Laboratories,  I analyze  cooling  requirements  and  cooling 
systems  including  chilled  water,  air  flow  and  system  reliability  as  well 
as  potential  solar  energy  applications.  Patents  ir,  aircraft  cooling 
and  refrigeration  controls.  Published  papers  are  on  techno-economics, 
vortex  flow  and  flame  propagation. 


M i 1 ton  E . F ranke 


Professor  Milton  E.  Franke  currently  teaches  and  conducts  research 
mainly  in  the  areas  of  aerodynamics,  gas  dynamics,  fluidics,  acoustics, 
and  heat  transfer.  He  received  his  BKE  from  the  University  of  Florida, 
his  MSME  from  the  University  of  Minnesota,  and  his  PhD  from  The  Ohio 
State  University.  He  served  on  active  duty  with  the  Air  Force  from  1952 
to  1956  in  the  Propulsion  Laboratory  at  Wr  ight-Patterson  Air  Force  Base, 
Ohio.  His  industrial  experience  was  at  Westinghouse  in  1952  and  at  DuPont 
from  1957  to  1959.  Since  1959,  he  has  been  a member  of  the  faculty  at 
the  Air  Force  Institute  of  Technology  where  he  presently  holds  the  rank 
of  Professor  Mechanical  Engineering. 
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S.  B.  Friedman 


Dr.  Friedman  received  his  education  in  the  United  States  and 
Canada.  He  has  been  employed  in  manufacturing  and  automation,  product 
design,  and  engineering  management  for  more  than  twenty  years,  and  was  a 
pioneer  in  the  application  of  high  speed  pneumatic  components  to  the 
digital  control  of  production  machinery.  He  holds  basic  patents  in 
both  the  controls  and  liquid  fluidic  areas. 


He  joined  the  faculty  of  Wm.  Rainey  Harper  College  as  Head  of 
Mechanical  Engineering  and  Technology  in  1969,  and  served  in  chat  capacity 
and  as  a consultant  to  industry  until  197^.  He  is  currently  Associate 
Professor  in  the  School  of  Applied  Science  at  Miami  University,  Oxford, 
Ohio,  as  well  as  Director  of  Research  for  Engineering  Technology. 


R.  N.  Gottron 


Mr.  Gottron  re:eived  a BS  in  Military  Science  from  the  US  Military 
Academy  in  1955-  He  received  an  MS  in  Engineering  at  Purdue  University 
in  I960  and  completed  12  hours  of  graduate  work  at  Maryland  University. 
He  also  holds  a Certificate  of  Completion  from  the  Von  Karman  Institute 
Brussels,  Belgium,  1968. 


Mr 


. Gottron  has  had  six  years  of  fluidic  research  experience  and 
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six  years  of  fluidic  development  work.  For  the  past  five  years  he  has 
been  branch  chief  of  the  Fluidic  Systems  Development  Branch  at  the 
Harry  Diamond  Laboratories  ( H DL ) , Washington,  DC.  He  has  authored 
numerous  reports  in  the  field  of  fluidics  and  holds  four  patents  in 
the  technology. 


J.  Grant 


First  worked  in  the  Engineering  Division  of  British  Broadcasting 
Corporation,  after  service  in  R.A.F.  took  M.A. , B.Sc.  in  Mathematics  and 
Natural  Philosophy  at  Edinburgh  arid  London  Universities.  After  graduation 
he  worked  on  aircraft  control  and  radar  systems  and  the  development  of 
the  first  commercially  successful  numerically  controlled  machine  tools. 

He  joined  U.K.A.E.A.  in  1957  to  work  on  dynamics,  accident  analysis  and 
control  of  nuclear  reactors.  In  1965  he  began  investigation  on  new 
methods  of  reliable  control  for  nuclear  reactors  and  chemical  plant, 
this  included  the  design  of  prototype  reactor  computer  systems  arid  the 
design  of  fluidic  process  control  systems  to  eliminate 
valves,  actuators  and  pumps.  He  is  currently  visiting 
University  of  Manchester  and  Senior  Research  Fellow  at 
Bradford . 
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Kenneth  B Haefner 

Education:  BEE  and  MSE,  Union  College,  1955  and  196^ 

Experience:  Mr.  Haefner  is  presently  heading  a program  sponsored  by 

the  Goddard  Space  Flight  Center  for  the  development  of  advanced  fluidic 
sounding  rocket  attitude  control  system.  He  has  recently  completed  a 
development  program  for  applying  fluidics  to  an  aircraft  environmental 
control  system  for  the  U.S.  Air  Force  Belvoir.  He  has  been  involved  in 
the  field  of  fluidics  for  a period  of  7 years  in  various  development 
programs  involving  the  application  of  fluidics  to  Rankine  cycle  controls. 
CF6  vibration  shutdown  systems,  and  missile  autopilots.  Additional  pro- 
ject work  has  also  included  the  development  and  fabrication  of  a fluidic 
Approach  Power  Compensator  for  the  Naval  Air  Development  Center. 

Prior  to  joining  the  Fluidics  Operation  he  was  a Systems  Engineer 
in  the  Research  and  Development  Center,  engaged  in  transportation  systems 
studies  in  the  simulation  and  design  of  start-up  and  load  controls  for 
large  steam  turbines,  the  study  of  models  for  information  and  organization 
systems,  and  the  analysis  and  modeling  of  complex  control  systems. 


Mr.  Haefner's  writings  have  included  co-authoi sh i p of  a published 


paper  on  Self-Adaptive  Flight  Control 
presented  at  the  WESCON  Conference  in 
Sigma  Xi  honorary  science  society  and 
Electronics  Engineers. 


through  Frequency  Regulation, 
August  1961.  He  is  a member  of 
the  Institute  of  Electrical  and 


Y.  Hara 

Y.  Hara  was  born  30  June  193^*  Upon  graduation  from  Osaka  Prefectural 
University  in  March  1959  he  joined  the  Government  Mechanical  Laboratory 
of  M.l.T.I.  (Now  called  the  Mechanical  Engineering  Laboratory). 

Until  1961  he  did  research  on  unstable  phenomena  related  to  wing 
surfaces  (in  the  transonic  region).  In  1962  he  began  research  on  fluidic 
elements.  More  recently  (about  1970)  he  has  investigated  fluidic  control 
systems  that  can  be  used  in  the  sea. 

His  fluidic  publications  include: 

1)  S.  Ozaki , Y.  Hara  and  T.  Orita,  "Basic  Guide  to  Fluidic  Elements,' 
Nikkan  Kogyo,  1 965  - 

2)  Y.  Hara  and  T.  Ogawa,  "Some  Experiments  of  the  Unsteady  Vibrations 
in  the  Transonic  Region,"  Journal  of  Mechanical  Engineering  Lab., 

July  1963. 

3)  Y.  Hara  et  al,  "Study  on  Fluid  Logic  Element  (l)  - Fluid  Oscillator 
without  Moving  Parts,"  Journal  of  Mechanical  Engineering  Lab.,  Vol  . 10, 
No.  2,  1966. 
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Y.  Hara  (cont.) 

A)  Y.  Hara  et  a!,  "Study  on  Fluid  Logic  Elements  (ll),"  Journal  of 
Mechanical  Engineering  Lab.,  Vol . II,  No.  2,  1966. 

5)  Y.  Hara  et  ai , "Output  Characteristics  of  Wall  Attachment  Elements," 
3rd  Cranfield  Fluidics  Conference,  1968. 

6)  Y.  Hara  et  al , "Attitude  Control  System  of  an  Underwater  Body  using 
Liquid  Fluidic  Elements,"  HDL  Fluidic  State-of- the-Art  Symposium, 
October  197A. 


Ar  thur  Hausner 


Arthur  Hausner  graduated  from  Brooklyn  College  with  a E.S.  in 
physics  in  1951  and  joined  the  staff  of  the  Ordnance  Divisions  of  the 
National  Bureau  of  Standards.  He  transferred  with  those  divisions  when 
they  became  the  Diamond  Ordnance  Fuze  Laboratories  (now  the  Harry  Diamond 
Laboratories)  in  1953,  and  was  engaged  in  the  theory,  design,  development, 
and  testing  of  arming  mechanisms  from  1951-1959-  His  interest  shifted  to 
analog  and  digital  simulation  and  computing  techniques,  a field  he  has 
been  in  from  1959  to  the  present. 

An  author  of  1 patent,  numerous  technical  reports  and  papers, 

Mr.  Hausner  also  published  a book  on  analog  and  analog/hybrid  computers 
in  1971-  He  is  a member  of  the  Association  for  Computing  Machinery, 

The  Institute  of  Electronic  and  Electrical  Engineers,  and  the  Simulation 
Counc i 1 s , Inc. 


James  0.  Hedeen 


Education:  BS  - Mech.  Engr.  1959,  University  of  Minn. 

MS  - Mech.  Engr.  1961,  University  of  Minn. 

MBA  1971,  University  of  Minn. 

Experience  - 13  years  experience  in  the  area  of  fluidics  at  Honeywell's 
Government  and  Aeronautical  Products  Division,  working  primarily  in  fluidic 
component  development  and  the  application  of  fluidics  to  flight  control 
systems.  Currently  responsible  for  the  following  engineering  programs: 

The  development  of  a fluidic  stability 
augmentation  system  for  the  Sikorsky 
UTTAS  he  1 i copter 

The  development  of  an  advanced  hydraulic  fluidic 
stabilization  system  for  the  UH-1  helicopter 

A study  of  techniques  to  provide  a hydraulic 
fluidic  primary  flight  control  system  as  a 
back-up  to  fly-by-wire  control. 
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Richard  F.  Hellbaum 


Richard  F.  Hellbaum  received  his  degree  in  Physics  from  Kansas 
State  Teachers  College  in  1962  and  attended  graduate  school  at  the 
University  cf  Oklahoma.  He  has  worked  at  Langley  Research  Center, 

NASA  since  196A  in  fluidics  specializing  in  rate  sensing,  fabrication, 
and  amplification.  He  holds  patents  and  has  published  papers  in  these 


Lesl ie  R.  Hester 

Leslie  R.  Hester  is  presently  Associate  Professor  of  Aerophysics 
and  Aerospace  Engineering  at  Mississippi  State  University.  He  received 
a B.S.  in  Aeronautical  Engineering  in  1952  and  a M.S.  in  Aeronautical 
Engineering  in  1953  from  Mississippi  State  University.  He  did  graduate 
study  at  the  University  of  Texas,  Austin  from  1 965- 67  on  a National 
Science  Foundation  Faculty  Fellowship.  He  holds  membership  in  American 
Institute  of  Aeronautics  and  Astronautics,  Tau  Beta  Pi,  Kappa  Mu  Epsilon, 
Sigma  Xi , and  Sigma  Gamma  Tau.  His  technical  areas  of  interest,  research, 
and  publications  include  guidance  and  control  of  flight  vehicles, 
optimization  techniques,  fluidic  control  systems,  and  instrumentation. 


E.  C.  Hind 

Senior  lecturer  in  the  School  of  Mechanical  and  Industrial 
Engineering  at  the  University  of  New  South  Wales,  Australia.  He 
received  his  diploma  in  mechanical  engineering  from  the  Sydney  Technical 
College  and  his  B.E.  and  M.E.  degrees  from  the  University  of  New  South 
Wales . 

After  holding  various  positions  in  private  industry  over  a 
period  of  eight  years,  he  joined  the  university  of  New  South  Wales  in 
1953-  He  was  appointed  lecturer  in  1956  and  senior  lecturer  in  1 964 . 

He  commenced  research  on  pneumatic  control  system  components  in  1958 
and  has  worked  on  fluidic  systems  and  components  since  1963-  Currently 
his  main  teaching  duties  are  in  the  field  of  Automatic  Control. 


Thomas  S.  Honda 

Education:  BS  in  Agriculture,  Rutgers 

University,  1951 

BSME  Rutgers  University,  1952 

MSME  Union  College,  1962 

Currently  responsible  for  project  leadership  of  fluidic  component 
and  control  system  development  programs  for  the  Specialty  Fluidics 
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Tnomas  S.  Honda  (cont ■ ) 


Operation.  Has  been  associated  with  Specialty  Fluidics  Operation  since 
its  organization  in  1970. 


Previously  was  with  the  Corporate  Research  and  Development  Center 
of  General  Electric  Company  working  on  fluidic  and  fluid  control  devices 
and  c i rcu i ts . 


Prior  to  joining  the  Corporate  R&D  Center,  was  with  General  Electric's 
Light  Military  Department  where  major  experience  was  in  the  development 
of  hydraulic  servactuat ion  systems  for  aircraft  flight  control.  Was 
also  project  leader  on  an  Air  Force  cryogenic  refrigerator  development 
program.  Also  contributed  to  the  Fill  aircraft  redundant  servoactuator 
development  and  to  an  Air  Force  liquid  metal  servo  development  program. 


Joseph  M.  I seman 


Mr.  I seman  received  a BS  in  physics  from  George  Washington  University 
in  1961,  an  MSE  in  Space  Science  and  Applied  Physics  from  The  Catholic 
University  of  America  in  1969,  and  will  receive  a PhD  in  Mechanical 
Engineering  from  Oklahoma  State  University  in  December  1975.  He  joined 
the  Fluid  Systems  Research  Branch  of  Harry  Diamond  Laboratories  in  1962 
and  has  investigated  and  authored  and  coauthored  papers  on  a variety  of 
fluidics  components  and  devices  including  angular  velocity  sensors, 
temperature  sensors,  and  digital  logic  devices  and  systems. 


Recently  Mr.  I seman  has  been  concerned  with  modeling  and  simulating 
passive  and  active  fluidic  components.  He  has  concerned  himself  with 
evaluating  equivalent  circuit  models  relative  to  experimentally  validated 
reference  models.  He  has  adapted  two  digital  network  analysis  codes 
(SLIC  and  NET-2)  to  fluidic  systems.  He  is  a member  of  ASME. 


Paul  L.  Jacobs 


Paul  L.  Jacobs  received  an  AB  in  English  from  Stetson  University  in 
1964,  a BME  from  the  University  of  Florida  in  1965,  an  MSME  from  MIT  in 
1966  and  a PhD  in  Mechanical  Engineering  from  the  University  of  Florida 
in  1969.  He  did  graduate  work  in  fluid  dynamics  at  MIT,  analyzing  wave 
propagation  from  high  speed  trains  entering  tunnels  utilizing  the  hydraulic 
analogy  to  compressible  fluid  flow.  At  the  University  of  Florida,  he 
worked  in  the  ar~a  of  cryogenic  heat  transfer,  determining  anisotropic 
thermal  conductivity  of  single  crystal  CdSe  over  the  cryogenic  temperature 
range.  Dr.  Jacobs  served  two  years  in  the  Army,  one  as  an  engineer  in 
the  LANCE  Missile  Project  Office  at  Redstone  Arsenal  and  one  as  an  action 
officer  for  mechanical  maintenance  at  US  Army  Headquarters  in  Vietnam. 

He  is  currently  employed  in  the  Guidance  and  Control  Directorate,  US 
Army  Missile  Research,  Development  and  Engineering  Laboratory,  US  Army 
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Paul  L.  Jacobs  (cont.) 

Missile  Command,  where  he  is  a team  leader  for  missile  control  systems 
and  is  the  technical  director  of  the  high  acceleration  terminal  homing 
(HATH)  technology  effort. 


T_. Jansen,  P.  Eng 

Native  of  Heerlen,  Holland.  Project  Engineer,  Standard  Products, 
Stratford,  Ontario.  B.S.  (1965)  and  M.S.  (1969)  in  Mechanical  Engineering 
from  Michigan  Technological  University. 

Master's  thesis  on  pressure  recovery  of  laminar  jets  published 
in  "Fluidics  Quarterly". 

Research  Engineer,  Fluidic  Controls  Division,  Pitney-Bowes  !no., 
Stamford,  Conn. 

Senior  Engineer  and  Chief  Engineer,  Fluidic  Controls  Division, 
Automatic  Switch  Company,  Florham  Park,  NJ. 

Patents  on  miniature  fluid  amplifier  and  temperature  compensating 
device. 

Presently  Lecturer  (Applied  Thermodynamics),  College  of  Fisheries, 
Navigation,  Marine  Engineering  & Electronics,  St.  John's,  Newfoundland, 
Canada . 

Wife  Frances  H.,  two  children,  David  and  Marian. 


Joseph  M.  Ki rshner 

Chief,  Fluidics  Systems  Research  Branch,  HDL,  Washington,  DC. 
Professorial  Lecturer  in  Engineering,  George  Washington  University. 
Organized  (and  first  chairman  of)  ASME  Fluidics  Committee  and  Government 
Fluidics  Coordination  Group.  Author  or  coauthor  of  approximately  20 
papers  and  2 books  on  fluidics  and  approximately  20  papers  on  other  topics. 
Listed  in  American  Men  of  Science,  Who's  Who  in  the  South  and  Who's  Who 
in  Automatic  Control. 


Yau-Hwang  Lee 

Yau-Hwang  Lee  was  born  in  Taiwan,  China,  on  October  20,  19^6.  He 
graduated  from  the  National  Chung  Hsing  University,  Taiwan,  with  a B.S. 
degree  in  applied  mathematics.  He  came  to  the  United  States  in  1972  and 
enrolled  in  Portland  State  University  where  he  is  finishing  up  his  Master 
of  Science  degree.  He  is  presently  a research  assistant  in  the  Physiology 
Department,  University  of  Oregon  Medical  School,  Portland,  Oregon. 


H.  P.  Lin 


Dr.  Lin  graduated  with  a Ph.D.  in  Mechanical  Engineering  from  the 
University  of  Missouri  in  Columbia,  Missouri  in  May,  1973-  Since  July, 
1973  he  has  been  employed  as  an  engineer  in  the  area  of  nuclear  and  fossil 
fuel  power  plant  system  design  by  Stone  & Webster  Engineering  Corporation. 
He  is  an  associate  member  of  Sigma  Xi. 


Su  i Lin 


Sui  Lin  is  Assistant  Professor  in  Mechanical  Engineering  Department 
at  Concordia  University  in  Montreal,  and  a Registered  Professional 
Engineer  and  a member  of  the  EIC,  CSME  and  DGLR.  He  received  the 
Dipl.-lng.  and  Dr.-lng.  degrees  from  the  University  of  Karlsruhe, 

West  Germany.  He  was  Research  Associate  at  the  Institute  for 
Refrigeration  and  at  the  Institute  for  Fluid  Mechanics  and  Fluid 
Machinery  at  the  University  of  Karlsruhe,  and  also  at  the  Institute 
Aerospace  Studies  at  the  University  of  Toronto.  His  teaching  and 
research  fields  are  heat  transfer,  thermodynamics,  fluid  mechanics 
and  fluid  control.  He  is  the  author  of  more  than  30  technical  papers. 


for 


Francis  M.  Manion 


Francis  M.  Manion  is  a R&D  Supervisor  in  the  Fluidic  Systems 
Research  Branch  at  HDL  and  is  a recognized  authority  in  the  fluidics 
field.  He  has  performed  basic,  applied  researcn  and  supervised  fluidic 
development  projects  since  I960  and  has  many  publications  and  patents 
to  his  credit  covering  almost  every  aspect  of  the  field.  His  interests 
include  fluid  mechanics  and  control  system  analysis  & design  and  he 
has  contributed  to  both  analytically  and  experimentally. 


Charles  A.  Martin 


Bachelor's  Work  - Wayne  State  University,  Aeronautical  Engineering 


Master's  Work  - Wayne  State  University,  Engineering  Mechanics 


Thesis:  "Navigational  Trajectories  from  Mars  to  Earth" 


Doctoral  Work  - Wayne  State  University,  Mechanical  Engineering  Science 
Dissertation:  "Variable  Threshold  Logic  and  its  Application  to 

Digital  Fluid  Control s . 


Work  Experience: 


Ford  Motor  Company 


LTV  Michigan 
University  of  Detroit 
General  Motors  Institute 


Research  & Engineering  Center,  Product  Engineer 
1962-1963 

Product  Design  Engineer  1964 
Engineering,  Mechanical  Dept.  1964  - 1965 

1965  - present 
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Charles  A.  Martin  (cont.) 

Pub  1 i cat  ions : 

Besides  the  papers  referenced  in  the  symposium  paper  111-159,  an  article 
"Aerodynamic  Sailing"  is  forthcoming  in  late  1975  to  be  published  in 
Scientific  American. 


H . R . Martin 

Educated  in  Britain,  Dr.  Hugh  R.  Martin,  gained  practical  experience 
in  engineering  with  the  aircraft  manufacturer , Short  Bros,  and  Harland 
Limited,  where  he  worked  for  ten  years  on  the  design  and  development  of 
hydraulic  control  systems  for  both  aerospace  and  industrial  applications. 

After  joining  the  staff  of  Queens  University,  Belfast,  he  became 
founder  and  joint  director  of  the  Low  Cost  Automation  Centre  for  Northern 
Ireland.  This  allowed  Dr.  Martin  to  continue  his  interest  in  industry 
as  a consultant.  Apart  from  extensive  research  activities  in  fluid 
control  system.  Dr.  Martin  has  been  active  in  developing  flow  measuring 
equipment,  and  in  noise  analysis  and  control.  He  is  currently  Associate 
Professor  in  Mechanical  Engineering  at  the  University  of  Waterloo, 
Ontario,  Canada. 


R.  W.  Mayne 

Dr.  Mayne  was  born  March  14,  1942.  He  received  a B.5.  from  the 
State  University  of  New  York  at  Buffalo  in  1963,  and  M.S.  from  the 
Georgia  Institute  of  Technology  in  1965  and  the  PhD  from  Pennsylvania 
State  University  in  1971.  From  1964  to  1967  Dr.  Mayne  was  employed  as 
a Development  Engineer  for  the  Eastman  Kodak  Company  where  he  worked  in 
the  design  of  theremal  systems  and  in  the  development  of  photographic 
equipment.  Since  1970,  he  has  been  an  Assistant  Professor  in  the 
Department  of  Mechanical  Engineering,  State  University  of  New  York  at 
Buffalo  teaching  in  the  design  and  systems  area.  His  present  research 
interests  include  fluid  power  control,  the  performance  of  manual  control 
systems,  and  the  application  of  optj mi za t i on  techniques  to  engineering 
design  and  manufacturing  problems. 


Dr.  Mayne  is  a member  of  Tau  Beta  Pi  and  Phi  Kappa  Phi  honoraries, 
the  American  Society  of  Mechanical  Engineers  and  the  American  Association 
for  the  Advancement  of  Science. 


Alan  T.  McDonald 
Educat i on : 

BSME,  Purdue  University,  June  I960 
MSME,  Purdue  University,  June  1962 

Ph . D . , Fluid  Mechanics,  Purdue  University,  January  1965 
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Alan  T.  McDonald  (cont.) 


Background : 

Dr.  McDonald  was  on  the  faculty  of  the  University  of  California 
at  Davis  for  three  years.  There  he  performed  analytical  and  experimental 
research  on  turbulent  flow  of  drag  reducing  solutions  of  high  polymers. 

In  addition,  he  helped  to  develop  laboratories  in  fluid  mechanics  and 
engineering  principles,  and  developed  and  taught  graduate  courses  in 
boundary- I ayer  theory  and  turbulence. 

Since  returning  to  Purdue  in  June  1967.  Professor  McDonald  has 
continued  research  in  internal  aerodynamics,  diffuser  flow  and  hydro- 
dynamics. He  developed  a water  table  facility  for  fundamental  work 
in  fluidics,  and  has  directed  work  on  design  and  performance  of  diffusers 
with  distorted  inlet  conditions  and  with  low  Reynolds  number  inlet  flows. 

Professor  McDonald  has  been  active  in  working  with  industry.  As 
a consultant  to  Westinghouse  Electric.  Corporation  in  the  areas  of 
hydrodynamic  design  and  internal  aerodynam i c s , he  directed  a wind-tunnel 
test  program  to  develop  a low-drag  vehicle  with  bounda ry- 1 ayer  control 
by  suchtion.  He  continues  to  contribute  to  this  program  as  a member 
of  hydrodymaics  advisory  panel  working  for  RAND  Corporation. 


Ernest  F.  Moore 


Major  Ernest  F.  Moore  is  presently  assigned  to  the  Flight  Control 
Division  of  the  Air  Force  Flight  Dynamics  Laboratory,  and  serves  as 
program  manager  of  research  effects  concerning  integration  of  flight 
and  fire  control  systems  for  USAF  fighter  aircraft.  Prior  to  the  AFFDL 
assignment,  Major  Moore  served  as  program  manager  for  Southeast  Asia 
projects  at  the  Aeronautical  Systems  Division  of  the  Air  Force  Systems 
Command.  In  1967-63,  he  was  assigned  as  crew  member,  EB-66  aircraft, 
and  flow  100  combat  missions  in  Southeast  Asia.  Major  Moore  was  awarded 
the  degree  of  BSME  from  Bradley  University  in  1958,  an  MSAE  from  the 
Air  Force  Institute  of  Technology  in  1967  and  is  presently  working  on 
his  PhD. 


Hal  L.  Moses 


H.  L.  Moses  received  his  B.S.  in  mechanical  engineering  at  VPI  in 
I960,  his  S.M.  at  MIT  in  1961,  and  his  Ph.C.  at  MIT  in  196^.  He  wrote 
his  doctoral  thesis  in  the  basic  fluid  mechanics  area  as  a research 
assistant  in  the  MIT  Gas  Turbine  Laboratory,  and  remained  there  as  an 
Assistant  Professor  and  post-doctoral  fellow  until  July,  1966.  At  that 
time,  he  joined  the  Fluidics  Research  Department  of  Corning  Glass  Works, 
where  he  was  employed  until  April,  1969-  Since  September,  1969,  he  has 
been  an  associate  professor  in  the  Mechanical  Engineering  Department 
at  VPI,  where  he  has  taught  and  conducted  research  in  basic  fluid 
mechanics,  turbomachinerv,  and  fluidics. 
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Harold  N.  Ott 


Harold  N.  Ott  is  an  electrical  engineer  in  the  Electro-Mechanical 
Equipment  Branch,  Engineering  Specifications  and  Standards  Department, 

Naval  Air  Engineering  Center,  Lakehurst,  N J . After  receiving  a BSME 
from  Lafayette  College  in  1939  he  was  employed  in  aircraft  engine  design 
at  Pratt  and  Whitney  Aircraft,  and  also  at  the  Jacobs  Aircraft  Engine 
Company.  He  took  graduate  work  in  aeronautical  engineering  at  the 
University  of  Connecticut  under  a Pratt  and  Whitney  Aircraft  program.  In 
19^2  he  became  an  aeronautical  power  plant  test  engineer  in  the  US 
Navy  Aeronautical  Engine  Laboratory  at  the  Naval  Air  Engineering  Center, 
Philadelphi,  Pa.,  and  in  1 964  transferred  to  tbe  Engineering  Specifications 
and  Standards  Department. 


Dharam  Pal 
Educat i on : 

BSME,  Thapar  Institute  of  Engineering  and  Technology,  India,  1965- 

MSME,  University  of  California,  (Berkeley),  1967 

Experience:  Civil  Engineering  Laboratory,  NCBC,  for  seven  years.  Work 

experience  included  blast  resistant  ventilation  fan  development,  research 
in  fluidic  devices  for  mixing  two  fluids,  experimental  determination  of 
hardness  of  mechanical  equipment,  and  fluidic  oil-water  separator 
devel opment . 

G.  A.  Parker 

He  was  educated  at  King  Edward  VI  Grammar  School,  Nuneaton  and 
Birmingham  University,  graduating  in  Mechanical  Engineering  in  1957-  Sub- 
sequently he  hoined  Hawker  Siddeley  Dynamics  working  on  Fluid  Control 
Systems  for  Guided  Weapons  and  then  returned  after  three  years  to  Birmingham 
University  to  study  for  a Ph.D.  in  the  area  of  A.C.  flow  in  oil  hydraulic 
transmission  systems. 

For  a time  he  worked  with  Cincinnati  Milling  Machine  Co.  in  the  States 
on  advanced  machine  tool  control  systems  for  machine  tools  before 
returning  to  Birmingham  University  as  a Lecturer  in  Control  Engineering. 

In  1968  he  took  up  his  present  appointment  as  Reader  in  Mechanical 
Engineering  at  the  University  of  Surrey,  Guildford,  U.K. 

Apart  from  an  active  research  interest  in  fluidics,  he  is  currently 
interested  in  system  identification,  adaptive  electro-hydraulic  control 
systems  and  fluid  regulators. 


Carl  G . R i ngwa I I 

Mr.  Rinqwall  graduated  fron  North  Dakota  State  University  in  19^2 
with  a B.S.  in  Electrical  Engineering.  He  joined  General  Electric  Conpany 
in  19^7.  and  has  twenty  seven  years  of  experience  in  e 1 ec t romechan i ca I . 
electronic  and  fluidic  control  systems  and  inertial  components.  He  is 
the  holder  of  twenty  patents,  eighteen  of  then  directly  related  to 
fluidic  techno  1 ogy . 

Gary  L.  Roffnan 

Gary  L.  Roffnan  received  his  B.S.  degree  in  Physics  fron  the  George 
Washington  University  in  1962  and  has  worked'  for  the  Harry  Diamond  Labs 
in  the  Fluidics  Research  Branch  since  that. tine.  He  is  a member  of  the 
ASME  and  has  written  papers  on  a wide  variety  of  fluidic  subjects  including 
vortex  rate  sensors,  a fluidic  analog  computer,  compensation  circuits, 
linear  flow  restrictors,  speech  amp  I i f i ca t i on  , high  frequency  amplifier 
measurements  and  the  simulation  of  digital  and  analog  fluid  amplifiers. 

Eugene  E . Rowe  II,  III 

E.  E.  Rowell  received  his  B.S.  in  1973  and  his  M.S.  in  1 97 ^ in 
mechanical  engineering  at  Virginia  Polytechnic  Institute  and  State 
University.  As  a student  at  VPI,  he  participated  in  the  NSF  Under- 
graduate Research  Prograr  and  began  an  investigation  of  contamination 
in  fluidic  devices.  He  received  a graduate  research  assistantship  to 
continue  this  work,  under  the  sponsorship  of  the  Harry  Diamond 
Laboratories,  and  completed  his  M.S.  program  in  the  summer  of  197^- 
At  that  time  he  accepted  his  present  position  with  the  Dow  Bad i sche 
Conpany . 

David  E.  Scesney 

1971  B.S.  - Engineering  from  the  State  University  of  New  York  at 
Buffalo. 

Quality  Control  Engineer  from  1963  to  1972  with  GTE  Sylvania.  Involved 
with  manufacture  of  electronic  systems  for  military  use.  Specified 
testing  and  failure  analysis  of  electronic  components. 

From  1972  to  present  with  Corning  Glass  Works  Fluidic  Products  Department 
as  Equipment  Engineer.  Development  of  fluidically  controlled  bag 
manufacturing  machine. 
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H.  M.  Schaedel 

2 March  1939 
19^9  " 1958 
1958  - 1 96^4 


1 April  1964 

- 31  March  1965 

1 April  1 965 

- 30  September  1971 


13  December  1968 


1 November  1969 
- 30  September  1971 

1 October  1971 


20  December  1973 

s i nee  winter- 
semester  1971/72 


s 1 nee 

1 January  1973 

About  30  papers  on  fl 
and  cont'ol  engineeri 


born  in  Vienna  (Austria) 

attendance  of  the  COUVENgymnas i urn  in  Aachen 

studies  in  electrical  engineering  (communication- 
engineering)  at  the  Technische  Hochschule  in 
Aachen  (technical  university).  Final  examination 
as  D i p 1 om i ngen i eur . 

research  engineer  at  Dr.  Hans  Boekels  S Co. 

Aachen,  Electronic  Precision  Measuring  Techniques 

research  associate  at  the  Institute  for  Communi- 
cation Equipment  and  Data  Processing  of  the  TH 
Aachen.  Field  of  activity:  Fluidic  components 

and  networks. 

examination  for  a doctor's  degree.  Thesis  on 
theoretical  and  experimental  investigations  on 
transmission  lines  and  lumped  components  in 
fluidics. 

head  of  the  fluidics  research  group 

lecturer  at  the  Fachhochschu  1 e Koln  (profession- 
al school)  in  the  department  for  communication 
engineering.  Field:  Control  engineering  and  digi 

tal  electronics. 

appointment  to  professor  at  the  FH  Koln 

invitation  to  lecture  on  Fluidics  in  the 
department  for  electrical  engineering  of  the 
TH  Aachen 

Member  of  the  Board  of  Technical  Editors  of 
"Fluidics  Quarterly" 

uidics.  Main  in  teres'  in  fluidic  circuit  design 
ng. 


A!  ber tus  E . Schmi d 1 i n 


Albertus  E.  Schmidlin  is  a Senior  Research  Scientist  in  the  Concepts 
and  Effectiveness  Division  of  the  Nuclear  Development  and  Engineering 
Directorate,  US  Army  Picatinny  Arsenal,  Dover,  New  Jersey.  For  the 
past  five  (5)  years  he  has  been  engaged  as  principal  investigator  in 
several  development  projects  utilizing  fluidic  components  and  systems 
for  safing  and  arming  munition  systems.  Before  joining  Picatinny 
Arsenal  h engaged  for  six  (6)  years  in  the  Rescarrh  Center  at 
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Albertus  E.  Schmidlin  (cont.) 


Singer-General  Precision,  Inc.,  as  Manager  and  Principal  Staff 
Scientist  of  the  Fluidics  Department,  responsible  for  the  conception, 
planning,  direction  and  control  of  applied  research  projects  in  fluid 
dynamics  and  heat  transfer  related  to  aerospace  guidance  and  control 
ha  rdware . 


Earlier  he  was  engaged  for  twenty  (20)  years  at  Walter  Kidde  and 
Company,  Inc.  in  the  development  of  fluid  power  and  control  equipment 
for  aerospace  vehicles.  In  particular  he  was  responsible  for  the 
development  of  high  pressure  (3000  psi)  pneumatic  and  mechanical 
equipment  for  airborne  applications. 


His  educational  background  includes  an  M.E.,  M.S.,  and  Sc.D.  degrees 
in  mechanical  engineering,  from  Stevens  Institute  of  Technology. 


He  was  elected  to  Tau  Beta  Pi  and  Sigma  Xi  societies,  is  a licensed 
Professional  Engineer  in  the  State  of  New  Jersey,  and  is  listed  in 
Who's  Who  in  the  East,  Vol . 3 and  the  12th  edition  of  American  Men 
of  Science.  He  has  been  a member  of  the  American  Society  of  Mechanical 
Engineers  for  35  years  and  is  active  in  the  Automatic  Control  Division, 
holding  offices  in  the  Fluidics  Committe  as  Papers  Review  Chairman, 

Chairman  and  Honors  Chairman,  consecutively.  He  is  the  new  member  of 
the  Executive  Committee  of  this  Division  effective  July  1,  1975*  He 
is  also  a member  of  the  Society  of  Automotive  Engineers  and  is  Chairman 
of  the  Fluidics  Panel  of  Committee  A-6,  Fluid  Power  and  Control  Technologies. 


He  has  published  numerous  articales  and  papers  and  made  presentations 
in  his  field  and  is  the  holder  of  17  patents.  He  is  active  in  the 
Stevens  Alumni  Association  where  he  held  many  posts  and  is  presently 
engaged  as  President  for  the  '7**-'75  period. 


Wal ter  R.  Schurman 


Walter  R.  Schurman  is  a graduate  of  Sinclair  College,  Dayton, 

Ohio,  1956  and  has  held  positions  at  Harris  Seybold  Corp.  , Avco 
Corp. , and  Cooke  Electric  Corp.  Mr.  Schurman  is  currently  a Senior 
Engineer  at  Mound  Laboratory,  which  is  operated  by  Monsanto  Research 
Corp.,  for  the  United  States  Atomic  Energy  Commission  in  Miamisburg, 
Ohio. 


Mr.  Schurman  has  been  active  in  Fluidics  since  1969  and  has 
designed  and  built  numerous  fluidic  control  systems  for  inplant 


Mr.  Schurman  authored  and  presented  technical  papers  at  the  Fifth 
Cranfield  Fluidics  Conference  1972;  the  winter  annual  meeting  of  the 
ASME  197?;  the  Eighth  and  Tenth  Explosive  Safety  Engineering  Conference 
1972  ano  197**,  and  at  the  recent  Fluidics  State  of  the  Art  Symposium,  197*1. 
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C.  N.  Shen 

C.  N.  Shen,  Mechanical  Engineer,  (Consultant)  Watervliet  Arsenal; 

Professor,  Electric  and  Systems  Department,  Rensselaer  Polytechnic 
Institute;  Visiting  Professor  of  Mechanical  Engineering,  Massachusetts 
Institute  of  Technology  1 967 -68 ; Assistant  Professor,  Dartmouth  College 
1 9 5 ^ - 5 8 ; B.S.  National  Tsing-Hua  University  1 939;  M.S.  and  Ph.D.  University 
of  Minnesota  1950  and  195**,  respectively;  Member:  ASME,  AIAA,  ANS,  ASEE, 

ISA  and  Sigma  Xi;  Biographee:  Who  is  Who  in  America,  American  Men  & 

Women  of  Science;  60  technical  papers  in  fields,  co-author  of  book 
"Optimal  Control  of  Nuclear  Reactor";  Arrangement  Chairman,  Joint  Auto- 
matic Control  Conference  at  Rensselaer  Polytechnic  Institute  1965;  ASME 
representat i ve  to  the  Application  Committee  of  AACC  1972. 

Aki ra  Shimi zu 

Akira  Shimizu  was  born  in  Shimonoseki,  Japan,  on  November  )k,  1939- 
He  received  the  BE  and  ME  degrees  in  Mechanical  engineering  from 
Hiroshima  University,  Hiroshima,  Japan,  in  1963  and  1967,  respectively. 
Since  1967,  he  is  with  the  department  of  Industrial  and  Mechanical 
engineering,  Okayama  University.  His  main  interests  are  in  fluid  dynamics 
in  fluidics,  and  fluidic  systems. 


Henrik  H.  Straub 

BSAE  (1962),  University  of  Maryland;  MS  Engineering  Science  (1965) 

George  Washington  University. 

In  1966  Mr.  Straub  joined  The  Boeing  Company  and  conducted  studies 
on  fluidic  missile  control  system  applications.  While  assigned  to 
a missile  development  program  he  developed  a complete  simulation  of 
the  missile  e I ec t rohyd rau I i c fin  actuation  system,  including  a pump, 
gas  generator,  and  servo  actuator.  He  was  responsible  for  nunerous 
dynamic  analyses  and  tests  of  control  systems  applicable  to  proposal 
efforts  and  as  part  of  in-house  research.  He  developed  a hybrid- 
fluidic  rate  sensor  in  an  application  study  for  the  stability  augmenta- 
tion of  the  SST.  On  his  assignments  in  the  Landing  Gear  Research  Group, 
he  was  responsible  for  the  simulation  of  various  brake  control  systems, 
the  thermal  analysis  of  the  737  brake  and  the  breadboard  development  of 


Walter  R.  Schurman  (cont.) 


Mr.  Schurman  is  also  active  in  other  fields  and  has  authored  technical 
papers  and  journal  articles  on  such  subjects  as  Injection  Molding, 
Ultrasonic  Assembly  and  Electrically  Conductive  Elastomers.  Mr.  Schurman 
is  the  holder  of  a patent  on  a flexible  electrical  connector  which  he 
developed  at  Mound  Laboratory. 


a pneumatic-fluidic  antiskid  system.  Presently  he  is  assigned  as  group 
leader  to  several  landing  gear  system  studies.  Prior  to  joining  Boeing, 
Mr.  Straub  worked  at  the  Harry  Diamond  Laboratories  in  Washington  D.C., 
where  he  was  responsible  for  the  development  of  f luidical ly-control led 
medical  devices  such  as  a blood  pump,  automatic  respirators,  and  an 
artificial  heart.  Mr.  Straub  holds  one  patent  related  to  a fluidic 
application  and  has  taught  courses  on  the  new  technology  on  several 
occasions. 


R.  E.  Strong 


He  obtained  a batchelors  degree  in  electrical  engineering  at 
Queen  Mary  College,  University  of  London.  He  is  currently  a senior 
engineer  in  the  Windscale  plant  with  particular  interests  in  safety 
and  reliability.  He  became  aware  of  "power  fluidics"  in  1972  and  as  a 
result  has  introduced  several  fluidic  flow  handling  systems  in  the 
plant. 


Robert  J.  Stuart 


Mr.  Stuart  was  born  June  1,  1947-  He  received  his  B.S.  degree 
in  Mechanical  Engineering  from  the  State  University  of  New  York  at 
Buffalo  in  1970.  After  studying  under  a National  Science  Foundation 
grant,  he  received  his  M.S.  degree  in  Mechanical  Engineering,  also  from 
the  State  University  of  New  York  at  Buffalo,  in  1973-  He  is  currently 
employed  as  a design  engineer  at  the  Zinsco  Electrical  Products  Division 
of  G.T.E.  - Sylvania  in  Hampton,  Virginia.  Mr.  Stuart  is  a member  of 
the  American  Society  of  Mechanical  Engineers. 


Trevor  G.  Sutton 


Education: 

Higher  National  Certificate  in  Mechanical  Engineering  1962 
Higher  National  Certificate  in  Aeronautical  Engineering  1963 
From  Royal  Aircraft  Establishment  Technical  College, 
Farnborough,  England 

Experience: 

1963  - Mechanical  Engineering  and  Design  of  Navigation  Systems 

1964  - Mechanical  Design  of  Wind  Tunnel  Models  and  Drone  Wings 
1964- 

1966  - Fluidic  Component  Research  and  Development  at  Aviation 
Electric,  Montreal,  Canada 

1966  - Fluidic  Component  and  Systems  Development  at  AiResearch, 
Phoen i x 

Presently  Assistant  Project  Engineer,  Fluidic  Systems 
Group  at  AiResearch,  Phoenix 


N.  Syred 


Born  in  London,  19^*4.  He  obtained  a B.Eng.  degree  in  Mechanical 
Engineering  at  the  University  of  Sheffield  and  then  worked  on  vortex 
amplifiers  for  flow  control  in  the  same  department  until  1969  when  he 
was  awarded  the  degree  of  Ph.D.  From  1969  until  197^  he  worked  as  a 
research  fellow  in  the  department  of  Chemical  Engineering  and  Fuel 
Technology  investigating  turbulent  wake-flows  in  combustive  systems  and 
instability  in  solid  propellant  rockets.  In  Septemuf'r  197^  he  became 
a lecturer  in  the  department  of  Mechanical  Engineering  ,'t  the  University 
of  Wales,  Cardiff.  His  current  interests  are  fluidic  flow  control  and 
combustion  aerodynamics. 


Charles  K.  Taft 


Charles  K.  Taft  was  born  in  Cleveland,  Ohio  on  July  24,  1928. 

He  received  a B.A.  degree  from  Amherst  College  in  1 9 5 1 and  a B.S. 
degree  at  M.l.T.  in  1953-  In  1955  he  was  awarded  the  M.S.  degree 
and  in  I960  the  Ph.D.  at  Case  Institute  of  Technology. 

In  1953  he  joined  the  Warner  and  Swasey  Company.  In  1954  and 
1955  he  worked  with  Dr.  D.  P.  Eckman  at  Case  in  the  development  of 
an  electro-hydraulic  se rvosys tern  wi th  ultra-high  frequency  response 
for  Warner  and  Swasey.  In  1956  and  1957  he  developed  an  electro- 
mechanical feed  drive  system  for  the  Warner  and  Swasey  numerically 
controlled  turret  lathe.  In  I960  he  rejoined  Warner  and  Swasey  as 
Chief  Servo  Engineer  after  completing  his  graduate  work  at  Case. 

Ir.  1961  he  joined  the  faculty  at  Case  Institute  of  Technology 
as  Assistant  Professor  of  Engineering.  At  Case  he  supervised 
research  in  fluidics,  e 1 ect romechan i ca 1 control,  and  digital  control. 
The  fluidics  program  was  supported  by  Harry  Diamond  Laboratories 
and  a group  of  eight  industrial  sponsors. 

In  1967  he  became  Professor  of  Mechanical  Engineering  at  the 
University  of  New  Hampshire  where  he  is  working  on  fluid  control 
and  digital  feedback  systems  design. 

Dr.  Taft  has  published  over  60  papers,  has  patents  in  the  field 
of  automatic  control,  and  has  published  a text  with  J.  B.  Reswick 
entitled  "Introduction  to  Dynamic  Systems". 

Minoru  Takagi 

Minoru  Takagi  was  born  in  Tsuruga,  Japan,  on  April  1,  1943-  He 
received  the  BE  degree  in  applied  physics  from  Fukui  University, 
Fukui,  Japan,  in  1966.  Since  1971,  he  is  with  the  department  of 
Industrial  and  Mechanical  engineering,  Okayama  Univeristy,  Okayama, 
Japan.  His  main  interests  are  in  fluidics. 
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Ernest  A.  Taylor,  Jr. 

Graduated  from  Plant  High  School,  Tampa,  Florida,  in  1936-  Electric 
motor  rewinder  and  repairman,  Tampa  Armature  works,  to  1939-  Became  an 
electrician  in  the  Tampa  Shipyard,  transferring  to  Ingalls  Shipbuilding 
Company,  Pascagoula,  Mississippi  in  19^0.  In  that  summer,  started  to 
Georgia  Tech,  continuing  in  the  shipyard  in  the  summers,  except,  for  19^3 
when  worked  a full  year,  as  electrician,  leaderman,  and  foreman.  In  19^3, 
joined  the  Ship  Repair  Unit  of  the  Navy  as  First  Class  Electricians  Mate, 
later  promoted  to  Chief  Electricians  Mate.  Served  on  an  Auxiliary  Repair 
Lighter  in  four  invasions  in  the  Pacific  to  the  end  of  WW  II.  Completed 
Georgia  Tech  with  a B.S.  of  EE.  in  19^8.  Went  to  work  with  Phillips 
Petroleum  Company,  Bartlesville,  Oklahoma,  as  a design  engineer,  with  one 
year  as  field  engineer  in  a refinerty.  Went  with  Electrical  Equipment 
Company,  Augusta,  Georgia  in  1951.  In  1952,  went  with  Patchen  and  Zimmerman, 
Consulting  Engineers,  Augusta,  Georgia,  doing  civil,  electrical  and 
mechanical  design,  with  one  year  in  the  field  as  an  instrument  inspector. 

In  1956,  went  with  the  Chemstrand  Company,  Decatur,  Alabama,  which  later 
bec.ame  the  Monsanto  Textiles  Company.  First  job  was  the  major  electrical 
design  for  an  experimental  nylon  spinning  machine.  Primary  responsibility 
has  been  developing  equipment  and  processes  in  the  Acrilan  Development 
Department.  The  last  seven  years  has  involved  development  of  equipment 
utilizing  the  flow  of  fluids  through  nozzles  in  textile  machinery.  The 
similarity  to  fluidic  flow  patterns  has  led  to  interest  in  the  study  of 
fluidics  and  application  of  some  of  the  flow  phenomena.  Winner  of  the 
1972  Norbett  P.  No-No  Fellowship  Award  from  the  Fluidics  College  of 
Practical  Knowledge,  sponsored  by  Corning  Glass  Works.  Member  of  the  IEEE, 
and  the  Fluid  Power  Society.  Have  eighteen  United  States  Patents  and 
many  foreigh  patents.  Listed  in  Who's  Who  in  the  South  and  Southwest, 
1965-66,  Dictionary  of  International  Biography,  1967,  Two  Thousand  Men  of 
Achievement,  1969  and  1971  and  others. 


Stephen  M.  Tenney 

Born  15  July  19^7  in  Washington,  DC.  Educated  in  Arlington  County, 
Virginia  public  schools.  Attended  George  Mason  College  of  the  University 
of  Virginia  in  the  pre-engineering  program.  Finished  bachelors  program 
at  the  George  Washington  University  graduating  with  a Bachelor  of  Science 
in  Mechanical  Engineering  in  1970.  Joined  the  Fluidic  Systems  Development 
Branch  of  the  Harry  Diamond  Laboratories  in  August  1970.  Worked  on  programs 
including  the  fluidic  generator,  nuclear  hardness  tests  and  fluidic  mail 
handling.  In  September  1973  transferred  to  the  HDL  Fluidics  Systems  Research 
Branch  to  be  a part  of  an  investigation  of  a fluidic  fuel  injection  system. 
Married  in  1969  and  has  a son  and  daughter,  lives  in  Rockville,  Maryland. 


R.  V.  Thompson 

Dr.  Thompson's  career  covers  a broad  spectrum  of  involvement  in 
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R.  V.  Thompson  (cont.) 

both  theory  and  application.  He  has  been  responsible  for  original  research 
in  the  Marine,  Aerospace  and  associated  industries.  Dr.  Thompson  served 
his  apprenticeship  at  Chatham  Naval  base  where  he  completed  the  four  years 
Upper  School  of  the  Royal  College. 

He  was  employed  by  British  Aircraft  Corporation,  Guided  Weapons 
Division,  as  a Missile  Engineer  for  several  years;  obtained  a Masters 
degree  for  research  on  Naval  gun  aiming  computers  and  subsequently  led  the 
Controls  Department  of  YARD  Limited,  Scotstoun.  For  three  years  he  lectured 
at  Strathclyde  University  in  Dynamics  and  Control  and  obtained  his  Ph.D.  for 
original  research  in  Supersonic  Fluidics. 

Dr.  Thompson  was  Head  of  Research  6 Development  in  the  Controls 
Division  of  Chandler  Evans  I ncorporated , Connecticut,  and  was  responsible 
for  the  development  of  new  missile  control  concepts  with  both  the  U.S. 

Navy  and  Air  Force.  During  his  stay  in  the  United  States  he  undertook  the 
duties  of  Visiting  Professor  at  Rensselaer  Polytechnic  Institute. 

He  has  published  many  papers  and  has  been  awarded  the  Simms  Gold 
Medal  for  technical  achievement  and  original  research  and  holds  several 
patents.  As  Director  of  the  Marine  Industries  Centre,  Dr.  Thompson  is  on 
the  Professorial  Electorate  of  Newcastle  University. 

J.  R.  Tippetts 

Born  in  Birmingham,  England  in  19^3-  He  worked  first  with  the 
English  Electric  Company  and  later  obtained  B. Sc. Eng.  at  Southampton 
University  where  he  first  became  interested  in  fluidics.  He  then  worked 
on  fluidic  flow  control  systems  for  nuclear  applications  in  the  department 
of  Mechanical  Engineering,  University  of  Sheffield,  and  was  awarded  a Ph.D. 
in  1969-  Subsequently,  as  a research  fellow  in  the  same  department,  he 
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As  the  Army's  lead  delegate  to  the  International  Standards  Organization's 
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Roland  Pierce  Trask  (cont.  ) 
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In  1969  he  received  a master's  degree  in  mechanical  engineering 
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Tsutomu  Wada 
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Also,  serves  on  advanced  technical  program  planning  groups  and  proposed 
aircraft  design  and  evaluation  teams. 
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topics  at  HDL  include:  high  input  impedance  laminar  proportional 
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dynamic  characteristics  of  gas  thrust  bearings,  the  static  and 
dynamic  characteristics  of  vortex  triodes  and  transient  and  fre- 
quency modulated  signal  transmission  in  pneumatic  lines  and  networks. 
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and  Environmental  Systems  Division.  Responsible  for  the  program 
administration  of  several  fluidic  contracts  as  well  as  company  develop- 
ment programs. 
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Volume  I 


Vortex  Diodes 

S.  S.  Fineblum,  Bell  Labs,  Whippany,  New  Jersey 
pg.  43  - 5th  paragraph 

Add  leading  parenthesis  between  "inviscid"  and  "primarily" 
to  obtain: 

The  purpose  of  the  present  work  is  to  report  a rational 
approach  to  inviscid  (primarily  incompressible)  vortex 
diode  design. 

pg.  49  - equation  (1) 

Add  a to  "P"  in  denominator  to  obtain: 

Up  (INVERSE)! 


E = 


|_AP(  FORWARD) 
pg.  50  - equation  (3) 


CONSTANT  FLOW. 


(1) 


aP 


I 


Add  equal  sign  after  to  obtain: 


AP 


E = 


AP  + AP,.  + AP.,r  + APn  + AP 
e N VC  0 


* I 


(3) 


. ^APt  + APq  + APyc  + APn  + AP^ 

Figure  8 

Omit  "OR"  in  key  in  front  of  "RADIUS  - 3" 

The  Turbulence  Amplifier 

A.  Bell,  State  University  of  Mew  York  at  Buffalo,  Buffalo,  New  York 
pg.  82  - 3rd  paragraph,  4th  line 
'loose'  should  read  'lose', 
pg.  83  - 3rd  paragraph,  10th  line: 

insert  between  'but'  and  'reduced'  the  word  'yields', 
pg.  83  - last  line: 

insert  between  'load'  and  'return'  the  word  ’flow1. 
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The  Turbulence  Amplifier  (cont.) 
pg.  34  - line  8 : 

replace  "the  zero  load"  with  "the  maximum". 

Analytical  Design  of  Laminar  Proportional  Amplifiers 

Francis  M.  Manion,  Harry  Diamond  Laboratories,  Washington,  D.C. 

Tadeusz  M.  Drzewiecki,  Harry  Diamond  Laboratories,  Washington,  D.C. 

pg.  162  - equation  4 

radical  should  extend  over  p i.e.  /2 ( P ^ - Py)/p 
pg.  177  - equation  29 

last  term  on  left  hand  side  of  = should  be  divided  by. 6' 
and  multiplied  by  P'..  Next  to  last  term  should  not  have 

have  radical  extending  over  sgn  (P.  - P ), 

J ^ 

pg.  178  - equation  31 

term  Y^Zc  should  be  multiplied  by  2. 
pg.  181  - equation  41 

last  term  should  be  divided  by  2. 
pg.  185  - equation  43a 
should  read 


P /Q  = R + R - (Q  ,/Q  )R 
c c v c VMenet  c v 


pg.  187  - equation  46 

terms  in  numerator  and  denominator  Y.Z 
multipl ied  by  2.  J c 

pg.  213  - equation  73 

first  term  on  RHS  should  read  "2.265". 

pg.  226  - line  3 

should  read  "...  be  off  by  10  percent", 
pg.  226  - line  8 

should  read  "...  10  percent". 


should  be 
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Experimental  Design  of  Laminar  Proportional  Amplifiers 
Richard  F.  Hellbaum,  NASA-Langl ey , Langley,  Virginia 

pg.  238  - line  3 

reads:  ...  The  variable  parameters  were  - - - 

should  read:  ...  The  parametric  values  about  which 

variations  were  made,  one  parameter  at 
a time,  were  - - - 

pg.  238  - line  19 

reads:  ...  dyeing  agent.  The  use  - - - 

should  read:  ...  dyeing  agent.  This  technique  was  contributed 

by  Chris  Spyropoulos  of  Harry  Diamond 
Labs.  The  use  - - - 

pg.  248  - figure  4 Legend  should  read: 

Figure  4.  A plot  of  gain  versus  Reynolds  number  shows  that 
the  rapid  increase  of  gain  with  I1R  ceases  for  NR  greater 

than  890.  o = 0.75,  B . = 0.375,  B = 3.25,  L = 9.3, 

sb  c r 

B = 1.0,  B = .75. 
r cv 

pg.  249  - figure  5 Legend  should  read: 

Figure  5.  Higher  bias  levels  yield  reduced  gain.  Gain 

usually  increases  until  an  unstable  condition  exists  but 

may  reach  a maximum  and  then  decrease  before  going  unstable. 

B . = 0.375,  B - 3.25,  L = 9.3,  B = 1.0,  B = 0.75. 
sb  c r r cv 

pg.  251  - figure  7 Legend  should  read: 

Figure  7.  Maneuvering  distance  b is  the  real  clearance 

distance  between  the  downstream  edge  of  the  control  duct 
and  a real  supply  stream. 

pg.  252  - figure  8 Legend  should  read: 

Figure  8.  Gain  is  reduced  as  setback  is  increased  o = 0.5, 

B = 3.25,  L = 9.3,  B = 1.0,  B - 0.75. 
c r r cv 

pg.  253  - figure  9 Legend  should  read: 

Figure  9.  Input  impedance  to  control  bias  flow  (i.e.,  jet 

does  not  deflect)  is  increased  as  setback  is  increased,  but 

impedance  to  control  signal  (i.e.,  jet  deflects)  is  not 

changed  substantially.  ■>  = 0.5,  B = 3.25,  L = 9.3,  B = 1.0, 

B = 0.75.  c r 

cv 
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Experimental  Design  of  Laminar  Proportional  Amplifiers  (cont.) 


pages  258  and  259 

The  picture  for  figures  12  and  13  are  interchanged, 
pg.  260  - figure  14  Legend  should  read: 

Figure  14.  Increasing  the  control  length  tends  to  increase 

gain,  a = 0.5,  B . = 3.75,  L = 9.3,  B = 1.0,  B = 0.75. 

3 sb  r r cv 

pg.  263  - figure  17  Legend  should  read: 

Figure  17.  Optimum  gain  occurs  with  receiver  length  around 

9.3.  o = 0.5,  B = 0.375,  B = 3.25,  B = 1.0,  B = 0.75. 

sb  c r cv 

pg.  265  - figure  19  Legend  should  read: 


Figure  19.  Maximum  gain  is  obtained  from  narrower  receivers. 

o 


0.5,  Bsb  = 0.375,  Bc  = 3.25,  Lr  = 
pg.  266  - figure  20  Legend  should  read: 


9.3,  Bcv  = 0.75. 


Figure  20.  Narrower  center  vent  widths  Bcv  produce  higher 

gains,  o = 0.5,  B . = 0.375,  B = 3.25,  L = 9.3,  B = 1.0. 
a sb  c r r 

The  Effect  of  Geometric  and  Fluid  Parameters  on  the  Static  Performance 
of  Wall-Attachment  Type  Fluid  Amplifiers 

H.  L.  Moses,  Virginia  Polytechnic  Institute  and  State  University, 
Blacksburg,  Virginia 

R.  A.  Comparin,  Newark  College  of  Engineering 


pg.  405  - o Aspect  ratio,  h/bs  (not  h/ bc ) 

pg.  411  - parentheses  on  equation  10 
b 


X2 


d 

COS(u  + ft) 


i 0 + u + ft , 
COS  a COS( 5 L) 


■ / 0 - a - ft , 
Sin( 0 ) 


+ sin  a. 


pg.  429  - ordinate  on  Fig.  6 - Pressure,  p/p$ 

The  Design  of  Flueric,  Turbulent  Wal 1 -Attachment  Flip-Flops 
T.  Drzewiecki,  Harry  Diamond  Laboratories , Washington,  D.C. 

pg.  436  - line  19 

should  read  "...  roughly  0.145  psi,  ..." 
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Effects  of  a Splitter  and  Vents  on  a Reattaching  Jet  and  its 
Switching  in  Wall -Reattachment  Fluidic  Devices 
T.  Wada,  M.  Takagi,  and  T.  Shimizu,  Okayama  University, 
Okayama,  Japan 

pg.  504  - equation  (3)  the  expression 
cos  (a  + is)  - J^cos/J 

which  occurs  in  the  denominator  should  read 
cos  (a  + 8)  - J^coso/J 


Volume  II 

Downstream  Control  of  a Jet 

H.  P.  Lin,  Stone  and  Webster  Engineering  Corp.,  Boston,  Mass. 

F.  R.  Swenson,  University  of  Stirling,  Scotland 

pg.  32  - 1 ines  7-9 

control  flow  for  switching  to  occur,  (is)  a measure  of  the 
device  control  sensitivity  (and)  for  each  control  nozzle 
location  and  direction,  is  measured  by  

lines  14  - 17 

differential  pressure  transducer  with  two  sides 

connected  to  piezometric  openings  near  the  ends  of  the  two 
side  wal 1 s . 


Volume  III 

Digital -Analog  Hybrid  Fluidic  Feedback  Systems 
C.  K.  Taft,  University  of  New  Hampshire 

Ordinate  scale  for  Figure  3 should  be 

2a  not  a 
o o 

K K 

Regenerative  Process  Fluid  Switching  Circuits 

J.  R.  Tippetts,  University  of  Sheffield,  United  Kingdom 

pg.  100  - 6th  line  from  bottom: 

These  can  be  allocated  in  216  ways. 

pg.  113 

In  these  symbols  for  the  gyrators,  the  arrow  should  be 
reversed  so  that  it  goes  from  right  to  left. 
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Signal  Analysis  of  Fluidic  Networks 

H.  Schaedel , Fachhochschul e Koln,  G rman  Federal  Republic 


pg.  199  - equation  (2.14) 


P* 

tot 


(i  • e 

pg.  257  - equation  (5.10) 

2p*(p*  - p* )/(R  T) 


m 


A 


2 


1 


A2  2 


A2/2/(R  T)  p* 

— ^ p*  — 

2 sP* 


- 1 


‘1 


a2  * 

- <r> 


M 


pg.  257  - equation  (5.13) 


A,,  /2/  ( R T)‘ 


nr  = _.r — 

0 1 A 2 

1 - (r} 

N A1 


P* 


!P, 


- 1 


pg.  272  - equation  (5.40) 


1 rc 
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Low  Power  Hydraulic  Control  Components 
R.  Deadwyler,  Harry  Diamond  Labs,  Washington,  D.C. 


pg.  462  - line  6 

"capacitance"  should  read  capacitive 
pg.  462  - line  11 


kP  should  read  kPa 
3 


pg.  466  - equation  20 


kP  should  read  kPa 

3 


pg.  468  - line  14 


kP3  should  read  kPa 

3 


pg.  469  - line  7 


kP,  should  read  kPa 
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Low  Power  Hydraulic  Control  Components  (cont.) 

pg.  469  - line  42 

kP  should  read  kPa 
d 

pg.  469  - equation  26 
should  read 


1 


lag  2 it (32.9  x 10^) 

~ 1_ 

lead  2 ii (8.24  x 10-?T 


= 0.48  Hz; 


= 1.9  Hz 


Volume  IV 


Engineering  Approximations  for  Fluidic  Interconnections 

H.  L.  Moses,  Virginia  Polytechnic  Institute  and  State  University, 

Blacksburg,  Virginia 

R.  A.  Comparin,  Newark  College  of  Engineering 
pg.  239  - equation  8 
10'3sec  (not  103sec) 


Volume  V 


Flow  Control  Circuits  for  Toxic  Fluids 

J.  R.  Tippetts,  University  of  Sheffield,  United  Kingdom 

N.  Syred,  University  of  Sheffield,  United  Kingdom 

J.  Grant,  Reactor  Group.  U.K.A.B.A.,  Risley,  United  Kingdom 

R.  E.  Strong,  Technical  Services  Department,  British  Nuclear  Fuels, 

Windscale 

pg.  382 

The  two  equations  in  the  2nd  and  3rd  lines  from  the  top 
should  read: 

«c  ' (k/esr'J  Fc  (Ec> 

% = (k/esr‘S  Fs  (Ec> 
pg.  393  - 1st  paragraph,  8th  line 

characteristics  are  multi-valued  in  

pg.  385 

Equations  at  bottom  of  page: 

Q should  be  Q 
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Fluidic  Emergency  Roll  Control 

H.  Haefner  and  T.  S.  Honda,  General  Electric  Co.,  Schenectady, 
New  York 

pg.  500 

The  heading  "Control  System  Concept"  should  read 
"VTOL  Emergency  Roll  Control  Requirements" 

pg.  501 

The  heading  "VTOL  Emergency  Roll  Control  Requirements" 
should  read  "Control  System  Concept". 


D . SCUSS I ON 


TECHNICAL  SESSION  I:  Chairmen  J.  M.  Kirshner,  HDL  and  T.  Wada,  Okayama 

Universi ty 

A Review  of  Vortex  Diode  and  Triode  Static  and  Dynamic  Design  Character- 
istics by  D.  Wormley,  MIT 

Question  (J . R.  Tippetts,  Sheffield  University): 

Are  you  aware  of  the  effects  of  chamber  height  variation  in  certain 
types  of  vortex  amplifier?  D.  H.  Saunders  of  the  BHRA  recently  showed 
that  diminishing  the  chamber  height  (to  an  unusual  extent)  could  benefit 
the  static  characteristics  significantly.  If  we  take  note  of  your  obser- 
vations on  the  response  time,  the  small  chamber  height  should  also  result 
in  a faster  dynamic  response. 

Also,  I note  that  the  dynamic  response  results  are  not  in  the  proceed- 
ings. Are  they  available? 

Answer  (Wormley) : 

In  answer  to  your  first  question,  Yes.  There  has  been  a fair  amount 
of  work  done  and  I tried  to  reference  the  work  that  I am  familiar  with 
in  terms  of  both  changing  the  chamber  height  and  reducing  the  chamber 
height  into  a region  in  which  it  is  smaller  than  the  region  in  which  it 
affects  the  static  characteristics  and  it  does  a number  of  things.  First, 
it  quiets  down  the  response  considerably;  for  certain  applications  it  can 
improve  static  performance  from  the  point  of  view  that  it  does  quiet  things 
down  and  it  also  gives  a more  propor t i ona 1 -- 1 i ke  characteristic.  In 
terms  of  turn-down  ratio  i t wi 1 1 in  some  cases  help  and  in  some  cases  it 
won't  help;  it  depends  on  what  you  mean  by  static  response.  The  second 
thing  is  that  there  have  been  a number  of  studies  of  profiles  in  chambers 
which  have  also  been  done  by  that  group  as  well  as  by  Professor  Bell  and 
we  have  seen  that  they  can  also  improve  static  response. 

Now  with  respect  to  the  dynamic  characteristics,  in  the  paper  I 
have  summarized  the  influence  of  the  delay-time  and  the  lag-time  on  the 
model.  I have  not  included  the  actual  experimental  data.  That  is  the 
subject  of  the  paper  that  Wally  Anderson  is  presently  writing  up  and  he 
requested  that  because  that  it  was  his  doctoral  thesis  that  he  put  that 
in  at  a little  bit  later  date.  However,  we  can  certainly  give  you  copies 
of  the  thesis. 

Question  (What  are  the  purposes  of  this  paper?  Can  you  say  something 
about  phase  shift?) 

Answer  (Worml ey) : 

The  first  purpose  of  the  paper  was  to  review  the  work  that  has  been 
done  in  vortex  amplifiers  over  the  past  few  years  and  I hope  that  we  have 
covered  most  of  the  significant  work  that  has  been  done  in  that  area.  As 
far  as  the  dynamic  work  is  concerned,  some  of  that  was  also  review  and 
relied  heavily  on  Lael  Tapi  in's  work  but  there  was  some  new  material  in 
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there  that  as  far  as  I know  is  the  most  up-to-date  material  available  in 
that  area.  With  respect  to  the  phase  shift  we  did  show  that  the  phase 
shift  can  be  significant  and  the  answer  to  that  question  is  that  now  that 
we  do  have  an  analysis  that  can  be  used  to  predict  what  this  phase  shift 
is,  we  can  begin  to  design  amplifiers  so  that  they  will  operate  in  the 
region  in  which  the  phase  shift  is  not  significant  so  that  we  have  an 
amplifier  with  a good  enough  dynamic  response  to  meet  the  particular 
applications  demands  that  are  at  hand.  Before  this,  we  couldn't  really 
predict  in  detail.  We  could  get  a rough  estimate  but  not  predict  in 
detail  over  the  complete  operating  characteristics  what  the  phase  shifts 
would  be. 

The  Turbulence  Amplifier  by  A.  Bell,  State  University  of  New  York  at  Buffalo 
Question  (J.  D.  Malcolm,  Memorial  University): 

I wanted  to  ask  you,  if  in  your  opinion  one  of  the  major  problems  in 
applying  the  TA  is  the  fact  that  the  delay  time  in  switch-off  is  consider- 
ably different  from  delay-time  in  switch-on  and  is  there  any  hope  in 
designing  a shroud  or  some  other  control  geometry  which  will  allow  these 
two  delay  times  to  become  reasonably  similar.  Is  this  a problem  or  not? 

Answer  (Bell): 

I think  that  it  is  a major  problem.  In  a number  of  circuit  applications 
it  is  necessary  to  have  one  amplifier  go  off  at  the  same  time  as  another 
one  comes  on;  the  flip-flop  is  a perfect  example  of  that  and  a number  of 
other  more  complicated  systems  have  the  same  problem.  The  point  that  he 
is  making  now  is  that  the  delay-time  between  turning  one  off  or  the  total 
time  it  takes  to  get  off  is  very  different  from  the  total  time  it  takes 
to  get  on.  There  has  been  some  research  done  in  improving  that  situation. 
There  were  a number  of  papers  that  reported,  (at  the  Fourth  Ctanfield 
Conference  and  the  Fifth  Cranfield  Conference  I believe)  the  in-building 
of  edges  and  so  on  into  the  jet  cavity.  These  were  supposed  to  bring 
the  times  closer  together.  To  my  knowledge  no  one  has  actually  built 
turbulence  amplifiers  in  which  the  delay  time  on  and  off  were  the  same. 

Question  (Malcolm) : 

Is  it  a problem? 

Answer  (Bel  1 ) : 


It  depends  on  how  fast  you  want  to  do  things.  One  of  the  major 
problems  with  turbulence  amplifiers  is  that  they  are  slow  in  general. 

So  if  you  are  pushing,  if  you're  trying  to  do  things  fast,  trying  to  over- 
come the  fact  that  it  is  basically  a slow  element  then  you  get  into 
problems  sometimes.  if  you  are  not,  if  you're  counting  milk  cartons  as 
they  go  by,  then  it  is  no  problem  at  all. 


Question  (T.  M.  Drzewiecki,  HDL)  : 

I have  a comment  on  the  fluidic  mechanics  of  the  measurement  of  the 
jet  profile  in  which  you  mentioned  the  notch  in  the  velocity  profile.  ! 
would  like  to  suggest  some  of  the  measurements  that  Andrade  took  on 
laminar  jets  back  in  the  30 ' s and  he  didn't  find  this  notch  and  I also 
recommend  some  of  the  work  done  by  Brighton  and  also  Pai  and  Weske  at 
the  University  of  Maryland  where  they  found  this  effect  to  be  due  to  the 
entrainment  of  the  jet  down  stream  and  since  you  have  an  open  configuration 
you're  drawing  flow  in  from  behind  the  emittei 

Answer  (Bel  1 ) : 

That  is  what  1 said;  that  notch  was  basically  due  to  the  emitter  and 
in  fact  you  can  influence  the  notch  very  strongly  by  changing  the  geometry 
of  the  emitter  nozzle. 

Question  (Drzewiecki): 

No,  I am  not  saying  that.  I am  saying  that  the  fact  that  you  have 
no  wall  in  back  of  the  emitter  and  you  are  allowing  flow  to  be  entrained 
from  upstream  of  the  emitter  along  the  side  of  the  emitter.  Essentially 
you  have  coaxial  flow,  an  outer  stream  and  an  inner  stream  and  this  has 
been  shown  by  Brighton  and  also  Pai  and  Weske. 

Answer  (Bell): 


I think  we  agree, 
entrained  flow. 


The  point  that  1 made  was  that  it  was  due  to  this 


Question  (Drzewiecki): 

The  thing  is  that  you  wouldn't  have  it  if  you  had  a shroud  with  the 
flow  being  blocked  off  from  the  back. 

Answer  (Bel  1 ) : 

You  wouldn't  have  it  if  you  had  a shroud  with  the  flow  being  blocked 
off  from  the  back  if  the  end  of  the  emitter  did  not  stick  very  far  out  of 
the  shroud.  In  most  turbulence  amplifier  geometry  the  end  of  the  emitter 
does  stick  out  of  the  shroud  usually  as  much  as  six  or  eight  or  ten 
diameters  in  some  people's  configurations;  as  much  as  ten  diameters  will 
get  that  effect.  It  has  to  get  down  to  about  one-half  a diameter  before 
you  don't  get  that  effect. 


Quest i on 

I am,  surprised  at  the  circular  symmetry  of  this  thing  as  shown  so 
I wonder  if  the  measurement  of  the  profile  was  made  from  all  around  or 
several  cross-sections  or  was  one-half  of  it  observed  at  one  section 
and  the  figure  drawn  all  around. 


Answer  (Bell): 


d 


I would  answer  that  by  saying  that  we  measured  those  velocity 
profiles  by  transversing  the  entire  jet  both  horizontally  and  vertically 
and  that  the  ring  appears,  that  is,  that  bump  that  you  just  referred  to 
appears  to  be  entirely  symmetrical.  And  it  is  true  that  when  one  looks 
at  the  turbulence  intensity  fluctuations  in  a jet  of  that  sort  that  they 
are  highest  at  the  bump  and  that  when  the  jet  begins  to  become  fully 
turbulent  it  begins  at  the  bump. 


Question  (E.  Markland,  University  College) 


Did  I see  on  some  of  the  results  an  abscissa  marked  "modified  Reynolds 


number  (Re/L):l  and  if  so,  is  that  quantity  dimensionless? 


Answer  (Bell): 


Yes.  Because  L is.  L is  defined  as  the  length  of  the  emitter 
divided  by  its  diameter.  In  the  text  that  is  made  clear. 


Question  (H.  Schaedel  , University  of  Cologne): 


May  I perhaps  give  a comment  to  the  question  of  the  turn-on  and 
turn-off  time.  As  far  as  i know  Mr.  Glaettli  from  Switzerland  has 
made  an  extensive  investigation  on  this  subject  and  he  found  that  the 
turn-off  and  the  turn-on  time  depend  on  the  shape  of  the  shroud  and  that 
you  can  make  the  turn-off  time  longer  than  the  turn-on  time  and  just  the 
reverse.  Perhaps  you  can  contact  Mr.  Glaettli  about  this  if  you  are 
interested.  I can  give  you  the  address  of  Mr.  Glaettli.  Perhaps  I can 
ask  one  question  of  you  about  the  sound  sensitivity  of  the  laminar  jet. 

Is  this  the  sensitivity  of  the  free  jet  or  the  sensitivity  of  an  enclosed 
jet  with  a shroud  because  I think  that  the  shroud  will  influence  the 
whole  characteristics  of  these  resonant  frequencies  or  sensitivity  fre- 
quencies? 


Answer  (Bel  1 ) : 


The  shroud  will  definitely  influence  them  because  the  shroud  cavity 
dynamics  then  very  definitely  enter  into  the  picture.  So  to  say  that  the 
frequency  data  given  there  is  in  any  way  useful  for  an  enclosed  jet  is 
not  intended  at  all. 


One  other  point  I might  add  is  that  Hayes  has  done  a series  of  experi- 
ments in  air  that  show  that  shroud  diameter  has  very  little  effect  on 
switch-off  times  but  very  significant  effects  on  switch-on  times  so  that 
clearly  one  can  modify  things  by  playing  around  with  shroud  diameters. 

But  one  of  the  difficulties  there  was  that  it  appeared  to  me  that  in 
decreasing  shroud  size  or  for  various  short  gaps  that  were  used  in  some  of 
these  experiments  one  was  sacrificing  static  performance  for  the  dynamic 
performance . 
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Experimental  Design  of  Laminar  Proportional  Amplifiers  by  R.  F.  Hellbaum, 
NASA/Lang  1 ey 


Question  (Schaedel): 


Could  you  say  some  thing  about  some  of  the  advantages  the  laminar  pro- 
portional amplifiers  you  developed  have  compared  with  the  usual  proportional 
amp  1 i f iers . 


Answer  (Hel 1 baum) : 


You  are  asking  what  are  the  advantages  of  having  a 
over  a turbulent  proportional  amplifier? 


laminar  amp  1 i f i er 


Quest  ion  (Schaedel ) 


Yes.  And  the  possibilities  of  application  that  you  were  looking  for. 
Answer  (Hel 1 baum) : 


may  answer  that 
, for  the  man 


The  particular  application  which  I had  in  mind,  if 
one  first,  was  for  a wing  leveler  for  light  aircraft,  i. 
who  flies  a single  engine,  two  or  four  seater.  Usually  he  can't  afford 
$10,000  for  an  autopilot  and  we  were  looking  for  something  that  might 
be  in  his  price  range  which  would  let  him  let  go  of  the  stick  and  get 
a cup  of  coffee  and  look  at  the  map  and  find  out  where  he  is,  this  type 

for  getting  him  out  of  trouble  if  he 
in  a storm.  That  is  the  application 
when  you  have  an  application  which  requires 
you  need  a lot  of  gain  and  a high  dynamic 
range,  for  example,  that's  when  you  are  looking  for  laminar  devices  for 
that  very  reason,  they  have  high  dynamic  range  and  they're  quiet. 


of  thing.  It  has  the  potential 
loses  orientation,  for  example, 
that  I had  in  mind.  In  general 
looking  at  minute  signals  where 


By  the  way  I should  point  out  that  Ted,  Frank  and  George  have  worked 
on  these  quite  a bit.  I have  received  quite  a bit  of  help  from  them. 


Comment  (T.  Drzewiecki,  HDL): 


I would  like  to  point  out  the  low  power  consumption  of  a typical  stage 
of  one  of  these  devices.  We're  talking  in  the  range  between  one-tenth  to 
ten  milliwatts  per  stage  for  a device  with  a 20  thousandths  of  an  inch 
supply  nozzle.  That  is  about  an  order  of  magnitude  less  than  is  now 
commercially  available. 


Question  (J.  Woodroffe,  Avco  Research  Labs): 


You  mentioned  that  your  operating  point  is  a Reynolds  number  of 
500.  I would  like  to  know  what  your  ideal  operating  point  would  be  if 
you  didn't  have  to  worry  about  the  turbulent  onset. 
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Answer  (Hellbaum): 


If  you  didn't  have  to  worry  about  the  turbulent  onset?  Frank  Manion 
will  be  covering  that  in  the  next  talk. 


Quest i on 


When  you  use  a Reynolds  number  even  as  low  as  500,  I did  notice  that 
the  jet  always  contains  some  turbulence  or  noise.  Did  you,  during  a 
continuous  switching  process,  examine  the  noise  and  signal  ratio  in  this 
ampl i f ier? 


Answer  (G.  Mon,  HDL) : 


I think  I can  answer  that  question.  We  have  hooked  up  the  laminar 
proportional  amplifier  as  an  oscillator  operating  in  a frequency  range 
of  200-300  Hz  and  have  looked  at  the  waveform  on  an  oscilloscope.  Even 
with  great  amplification  of  the  waveform  on  the  scope  we  didn't  see  any 
fluctuation  due  to  noise. 


Question 

How  much  noise  is  there? 
Answer  (Mon) : 


We  couldn't  pick  it  up  with  our  transducer  which  can  sense  a pressure 
as  low  as  10-lf  psi.  The  noise  is  very  much  below  the  amplitude  of  the 
oscillating  signal.  The  dynamic  range  is  greater  than  1000. 


Analytical  Design  of  Laminar  Proportional  Amplifiers  by  F.  Manion  and 
T.  Drzewiecki , HDL 


Question 


The  output  data  that  you  have  shown  without  any  noise  on  it.  To 
what  Reynolds  number  used  by  Hellbaum  does  it  correspond? 


Answer  (Manion): 


The  Reynolds  numbers  of  both  were  about  the  same.  Ours  may  have 
been  slightly  higher  than  Hellbaum's.  Remember  that  his  supply  pressure 
was  extremely  low  and  very  sensitive  to  vibrations.  This  is  why  we  want 
the  amplifier  to  have  good  common  mode  rejection  so  that  those  signals 
coming  into  both  control  channels  do  not  give  us  an  output. 


Question 


I saw  turbulence  on  the  amplifier  power  jet  on  Hellbaum's  flow 
visualization  figures. 
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Answer  (Man  ion): 

That  noise  is  not  within  the  bandwidth  of  the  amplifier.  Lets  qualify 
that.  Are  you  talking  about  Mr.  Hellbaum's  large  liquid  amplifier  with  a 
supply  pressure  head  of  70  mils  of  water  or  are  you  talking  about  an  amplifier 
that  has  a 2 psi  supply? 

Question 

Either  one. 

Answer  (Man  ion): 

The  amplifiers  are  not  that  sensitive  because  Mr.  Hellbaum  has  taken 
amplifiers  working  on  air  down  to  1 millimeter  of  water  supply  and  has 
gone  through  environmental  tests  including  vibrations,  without  running 
into  problems.  The  thing  you  have  to  remember  is  that  we  have  a boundary 
layer  in  the  top  and  bottom  planes  that  tends  to  stabilize  the  jet.  A 
two  dimensional  jet  would  be  well  turbulent,  but  the  presence  of  the  top 
and  bottom  boundary  layers  extends  the  Reynolds  number  for  laminar  flow 
quite  a bit  when  compared  to  two  dimensional  jet  flows. 

Quest  ion 

Did  you  take  that  into  account  in  your  analysis? 

Answer  (Manion): 


approach  with  the  three  dimensional 
least  as  far  as  the  nozzle  was 
This  still  gives  good  results 


The  analysis  used  a two  dimensional 
effects  accounted  for  to  some  extent  (at 
concerned)  in  the  discharge  coefficient, 
which  are  within  ten  percent. 

Comment  (Hellbaum): 


On  this  whole  question  of  noise.  When  you  saw  something  that 
appeared  to  be  turbulent,  remember  that  1 had  a big  tank  with  tubes 
of  water  hanging  down.  If  you  touch  that  anywhere,  it  is  going  to  shake 
things.  In  my  autopilot  I have  to  make  sure  that  all  tubing  is  rigidly 
secured  so  that  signals  aren't  generated  due  to  vibrations  of  the  tubing. 
The  amplifier  itself  is  pretty  well  insensitive  to  vibration  itself,  but 
if  you  generate  a signal  elsewhere  due  to  vibration  and  put  that  signal 
in,  it  is  going  to  amplify  it. 

Commen  t (Man  ion): 

Actually  that  depends  on  the  Reynolds  number.  At  the  lower  Reynolds 
number  you  get  a lot  of  supression  of  disturbances  and  the  higher  the 
Reynolds  number  the  more  gain  and  less  supression. 
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Question  (Dr.  R.  Bowles): 

To  give  an  envelope  on  the  fastest  dynamic  response  you  could  expect 
from  amplifiers  of  your  type,  suppose  you  have  only  a limit  of  5 mils  on 
nozzle  size  and  that  you  can  pick  your  fluid  and  pressure  and  everything. 
What  sort  of  ball  park  would  you  say  for  an  upper  frequency  response? 

Answer  (Man ion): 

Well  how  do  you  want  to  define  the  frequency  response  — where  the 
phase  lag  is  45  degrees?  Because  these  are  combinations  of  a second 
order  input  system  and  you  have  the  output  system  and  the  receiver  plus 
the  transport  delay  so  do  you  want  to  qualify  it  with  45  degrees  lag? 

Question  (Bowles) : 

No.  All  I am  looking  at  is  gain  rather  than  phase  lag.  I am 
looking  for  something  for  the  man  who  doesn't  know  all  of  the  details  of 
the  design  and  he  wants  to  whether  or  not  he  should  look  at  your  design 
in  order  to  attack  a problem  and  he  just  wants  to  know  a ball  park 
number  of  how  fast  might  ho  hope  to  make  this  if  he  has  no  restrictions 
on  the  supply  fluid. 

Answer  (Man ion): 

I don't  want  to  give  a misleading  answer.  In  addition  to  the  amplifier 
itself,  you  have  to  be  careful  about  channels.  What  limits  these  devices 
is  that  you  can't  neglect  the  impedance  characteristics  of  the  channels 
and  this  is  going  to  dominate  the  characteristics  of  the  device  as  a whole. 
So  just  telling  you  what  we  can  do  in  one  element  doesn't  mean  that  we  can 
retain  this  bandwidth  from  one  element  to  the  next.  I am  consequently 
reluctant  to  give  you  a number  that  is  based  on  just  a Reynolds  number 
and  the  size  of  the  unit. 

Question  (Bowles): 

Well,  can  one  look  at  a system  only  up  to  50  cycles  per  second  or 
can  he  look  at  a systems  of  500  or  5000. 

Answer  (Man ion): 

You  can  look  at  a system  from  500  to  1000  with  reasonable  size  devices. 
Question  (Bowles): 

What  if  he  has  to  push  it? 

Answer  (Man ion): 

He  would  then  have  to  be  very  careful  about  the  connecting  lines. 


y 


Question  (Bowles):  *' 

J 

If  he  has  to  push  the  system,  can  he  go  to  10,000. 

Answer  (Man  ion) : 

I coubt  it. 

Question  (Bowles): 

That's  the  sort  of  answer  I was  looking  for.  Thank  you. 

Jet  Deflection  Proportional  Amplifier  by  A.  Healey,  University  of  Texas  at 
Aust i n 

Question  (D rzew i eck i ) : 

What  did  you  use  to  model  the  resistance  of  the  output  lines  and 
the  center  dump  in  order  to  match  the  impedance  of  the  jet  to  it? 

Answer  (Healey): 

For  the  steady  state  pressure  recovery  this  was  an  orifice  load  and 
steady  state  friction  in  the  passage. 

v » 

Question  (Shearei ) : 

In  other  words  you  included  the  length  of  the  lines. 

Answer  (Healey) : 


Question  (Schaedel ) : 

You  investigated  the  influences  on  pressure  and  flow  recovery  in  one 
single  amplifier  in  one  stage.  Do  you  think  that  you  can  get  information 
for  staging  two  amplifiers  for  optimizing  a two  stage  amplifier  because 
then  you  have  to  look  at  the  signal  energy  transfer.  Do  you  think  it  is 
poss i tie? 

Answer  (Healey): 

One  needs  to  know  the  input  characteristics  for  the  device  and  that 
was  not  discussed  here.  With  the  model  for  the  input  characteristics  of 
a similar  device  then  you  could  go  through  the  staging  process. 


Question  (Schaedel): 

But  it  could  be  sensible  to  measure  the  deflection  of  the  jet  of 
the  second  amplifier  and  then  to  look  not  so  much  at  the  pressure  and 
flow  recovery  but  that  you  optimize  the  deflection  of  the  second  jet. 

Answer  (Healey)  : 

This  is  something  that  certainly  can  be  done.  It  wasn't  the  aim 
of  the  work  at  the  time. 


Fluidic  Proportional  Amplifiers  for  Very  Low  Reynolds 
Corning  Glass  Works 


Number  by  R.  H.  Bellman, 


Quest  ion 


What  are  your  conclusions? 

Answer  (Bel Iman) : 

What  are  my  conclusions?  The  main  problem  in  making  a device  to 
run  at  very  low  Reynolds  numbers  is  that  you  have  viscous  losses  in  the 
nozzle.  You  can  reduce  the  viscous  losses  by  changing  the  power  nozzle 
shape.  There  is  a limit  to  what  we  at  Corning  can  do  in  two  dimensions. 
Three  dimensional  nozzles  reduce  the  losses  even  further.  If  you  look 
at  the  fourth  curve  where  we  talked  about  Reynolds  numbers  you  could  see 
that  I could  have  made  a great  big  device  and  solved  the  whole  thing  right 
away  without  doing  anything.  That  wasn't  economically  feasible;  in  fact 
the  whole  project  that  I worked  on  here  is  right  now  sort  of  in  the  air 
because  the  pricing  is  still  too  high.  We  have  to  come  down  or  pricing  yet. 
It  is  not  in  the  fluidic  part  of  it  but  in  the  diaphragms  and  junk  that 
goes  with  it. 

Comment  (Drzewiecki ) : 

I didn't  know  that  Mr.  Bellman  was  working  in  this  particular  area. 

It  points  out  though  the  importance  of  the  discharge  coefficient  in  the 
design  of  an  amplifier  and  the  real  necessity  of  being  able  to  design  an 
efficient  nozzle  for  some  applications.  There  are  applications,  however, 
where  one  might  want  to  have  a low  discharge  coefficient  nozzle  because 
if  one  considers  the  decrement  to  momentum  flux  coming  out  of  a nozzle 
like  this  it  goes  approximately  as  the  square  root  of  the  discharge 
coefficient.  If  you  had  a discharge  coefficient  of  around  .7  you  would 
be  talking  about  momentum  flux  of  less  than  about  a half  of  the  momentum 
flux  of  an  inviscid  jet.  However,  as  you  decrease  momentum  flux  out  of 
the  nozzle  it's  just  that  much  easier  to  deflect  the  jet.  For  some  partic- 
ular applications  where  you  need  a soft  jet  you  may  actually  want  to  have 
a poor,  momentum  loss,  type  of  nozzle. 
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I would  like  to  point  out  also  that  the  equation  that  Frank  showed 
before  on  the  losses  due  to  surface  shear  of  the  jet  actually  become  very 
critical  at  the  very  low  Reynolds  numbers  we're  talking  about  (let's  stiy 
for  an  aspect  ratio  of  1)  a Reynolds  number  of  less  than  about  r>00  based 
on  nozzle  width.  We  are  talking  about  the  predominant  losses  being  in 
the  space  between  the  jet  exit  nozzle  to  the  re<-e i vei  where  i.he  ioss  is 
actually  maybe  around  GO  or  70  p,s.r  rf  what  is  coming  out  of  the  nozzle. 
So  obviously  if  you  '.ave  ^nly  5^  cent  coming  oui  o4  the  nozzle  to  begin 
with  and  you  decrement  that  another  75  percent  you  get  very  low  pressure 
recovery  and  low  gain. 


data. 


I would  like  to  thank  Mr.  Bellman  on  the  independent  check  of  our 


Quest i on : 


I would  like  to  ask  of  all  those  who  talked  about  the  laminar  devices 
as  to  what  they  jointly  conclude  as  far  as  fluidics  and  its  applications 
are  concerned.  What  does  the  future  hold? 


Answer  (Manion) 


I'll  try  to  answer  that  as  far  as  we  are  concerned.  We  have  been 
looking  at  control  systems  and  we  looked  at  a lot  of  amplifiers  before  we 
started  to  look  at  the  laminar  flow  regime.  The  big  question  is  that  in 
control  applications  you  cannot  work  with  dynamic  ranges  that  are  100  or 
200  or  even  less  which  is  what  you  encounter  in  turbulent  flow.  There  is 
really  no  way  to  increase  the  dynamic  range  of  the  turbulent  devices  that 
we  could  think  of,  it  is  a tremendous  problem  to  try  to  keep  a jet  from 
going  into  transition,  and  we  are  not  going  to  solve  that  problem.  By 
going  into  the  laminar  flow  regime  we  have  measured  dynamic  ranges  of  up 
to  10,000.  The  signals  obtained  are  so  clean  that  people  don't  believe 
they  are  fluidic.  The  ability  to  see  extremely  small  signals  allows  you 

allows  you  to  pick-up  sensed  signals 
think  it  is  important  from  the  point 
sensor  signal  and  bring  it  up  to  working 

process 
that 

is  where  the  important  impact 


to  build  preamplifiers  because  it 
without  losing  their  integrity, 
of  view  that  it  will  take  a small 


level,  then  you  can  use  power  devices  for  actuation,  but  if  we  can't 
a small  signal,  fluidics  can't  get  into  the  control  field,  so  I think 
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TECHNICAL  SESSION  2 


■ Chairmen:  Forbes  T.  Brown,  Lehigh  University  and 
G.  A.  Parker,  University  of  Surrey 


The  Effect  of  Geometric  and  Fluid  Parameters  on  the  Static  Performance 
of  Wal  1 -Attachment.  Type  Fluid  Amplifiers  by  H.  L.  Moses,  Virginia 
Polytechnic  Institute  and  State  University  and  R.  A.  Comparin,  Newark 
College  of  Engineering 


Question  (F.  T.  Brown): 


You  use  the  Goertler  profile  for  the  shape  of  the  jet  in  this  paper. 
Does  this  mean  that  you  recommend  the  use  of  this  profile  over  profiles 
which  allow  for  a development  length? 


EH 


Answer  (Hal  Moses): 


No.  I pointed  out  in  the  paper  that  the  equations  are  for  the  most 
part  not  recommended  procedures;  just  examples.  I used  the  Goertler 
profile  simply  because  it  is  the  best  known.  Other  profiles  at  least 
for  the  fully  developed  region  would  work  just  as  well.  We  should  include 
the  development  length  also;  the  problem  is  that  for  most  devices  there 
is  some  distance  where  the  jet  is  not  turbulent;  that  distance  is  usually 
about  three  or  four  nozzle  widths,  and  any  r ...» lysis  that  assumes  the  jet 
is  fully  developed  or  turbulent  is  likely  t » je  very  approximate.  It  is 
my  opinion  that  this  is  the  reason  why  we  _ve  to  vary  the  spread  parameter. 

Quest i on  (Schaede 1 ) : 

Could  you  give  some  information  of  how  closely  the  static  input  and 
output  characteristics  can  be  determined. 

Answer  (Moses): 

The  input  characteristic  can  be  predicted  quite  well  simply  because 
it  is  a nozzle  characteristic.  Most  devices  are  vented  so  that  the  static 
pressure  at  the  exit  is  very  close  to  atmospheric  and  we  can  predict  the 
input  characteristic  very  well  in  that  case.  The  output  characteristics 
are  much  more  approximate,  but  depending  on  the  particular  device,  we  can 
predict  some  of  these  reasonably  well.  1 must  say,  though  that  we  can 
predict  trends  better  than  we  can  predict  actual  performance. 

Question  (Schaedel): 

Is  there  information  in  your  paper  about  this  because  you  didn'-t 
men  t i on  it? 

Answer  (Moses): 

Very  little,  I referred  to  a couple  of  papers,  one  by  myself  and 
Comparin,  one  by  Sarpkaya,  and  one  by  Drzewiecki  and  Goto.  There  are 
three  examples  where  some  calculation  are  attempted. 

Question  (Unintelligible) 

Answer  (Moses) : 

This  is  a review  paper.  Its  purpose  is  to  present  basic  ideas  and 
key  the  reader  to  the  literature.  Most  of  the  work  that  I am  describing 
here  has  been  published  although  some  of  the  experiments  were  not  published. 
I did  not  manage  to  find  a great  deal  of  data  where  parameters  were 
systematically  varied  one  at  a time. 

Quest  ion 


What  do  you  see  as  the  future  direction  in  wa 1 1 -at tachmen t devices? 
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Answer  (Moses) : 


That  is  difficult  to  answer.  It  is  a value  judgement,  and  there  is 
some  question  as  to  whether  simply  making  a better  flip-flop  would  improve 
the  fluidics  picture.  But  I share  with  you  I think  the  idea  that  basic 
research  is  worthwhile  even  without  some  definite  objective  like  making 
a better  flip-flop.  1 would  say  simply  from  a fluid  mechanics  point  of 
view,  not  from  a commercial  point  of  view  that  perhaps  the  flow  in  the 
receiver  area,  particularly  with  a wide  or  cusp  splitter  would  be  most 
promising  area,  and  I am  not  yet  satisified  with  the  attachment  models, 
particularly  for  low  offset. 


The  Design  of  Flueric 
HDL 


Turbulent  Wal 1 -Attachment  Flip-Flops  by  T.  Drzewiecki, 


Question  (Unintelligible) 
Answer  (Drzewiecki): 


As  far  as  the  prognosis  for  turbulent  devices  or  for  turbulent  wall- 
attachment  devices  I would  like  to  say  that  presently  the  work  at  the 
Harry  Diamond  Laboratories  is  solely  limited  to  laminar  (research  in 
laminar  devices)  and  as  such  we  are  not  really  working  in  this  area. 
However,  we  can  be  of  any  help  to  anybody  else  working  in  the  field  we 
certainly  like  to  do  so. 


Question  (R.  Warren): 


Did  you  try  the  rounded  nozzles  on  the  contacting  opposite  wall 
type  switching?  We  found  that  when  we  rounded  the  nozzle  that  the  velocity 
of  the  stream  decreased,  the  pressure  went  up  but  the  stream  (the  power 
jet)  did  not  contact  the  opposite  wall  as  quickly.  So  this  is  the  reason 
that  that  control  was  kept  as  close  to  the  power  jet  as  possible. 


Answer  (Drzewiecki): 


Yes.  I think  you  are  referring  to  the  latching  vortex  devices.  I 
believe  that  the  empirical  trade-offs  in  a latching  vortex  device  are 
slightly  different  than  for  a sharp  splitter. 


Question  (Warren): 


In  splitter  switching  you  are  not  really  interested  in  the  velocity 
of  the  control  jet,  but  in  wall  switching  where  it  contacts  the  opposite 
wall  prior  to  passing  the  splitter  you  are  interested  in  the  velocity  of 
the  control  stream.  So  that  rounded  control  you  have  there,  we  found, 
greatly  decreased  the  velocity  with  which  the  control  stream  hit  the 
power  jet  and  slowed  down  the  switching  whereas  the  other  case  speeded 
it  up. 
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Question  (Warren): 

Once  you  touch  the  opposite  wall  you  have  a completely  new  ball 

game. 

Answer  (Drzewiecki ) : 

Exactly,  what  happens  is  that  you  squash  the  bubble.  The  bubble 
cannot  expand  any  more  against  the  wall  so  the  only  other  way  it  has  to 
go  is  downstream.  By  providing  this  corner  on  the  edge  of  the  wall  you 
are  providing  a low  impedance  to  the  bubble  and  allowing  more  flow  to 
go  into  the  bubble  more  quickly.  Agreed,  the  bubble  pressure  will  rise 
as  you  hit  the  opposite  wall  but  you  are  still  allowing  more  flow  to 
get  in  more  quickly.  I think  that  if  you  look  at  the  paper  it  will 
become  fairly  obvious. 

Question  (Warren): 

I agree  with  you  on  splitter  switching  but  the  minute  you  have  the 
jet  on  both  walls  you  have  an  entirely  different  set  of  conditions  than 
when  it  is  on  only  one  wall  and  it  has  the  characteristic  that  the  feedback 
along  the  far  side  of  the  stream  is  greatly  reduced  so  that  the  jet  attach- 
ment point  tends  to  run  down  the  far  wall  and  you  switch  at  a much  lower 
flow  into  the  bubble. 

Answer  (Drzewiecki): 

Yes,  that  is  exactly  true.  I think  the  problem  is  that  the  model 
that  is  presented  here  doesn't  differentiate  between  any  three  particular 
stages,  but  it  does  include  the  effect  of  the  opposite  wall. 


Answer  (Drzewiecki): 


When  we  are  talking  about  a low  off-set  wall-attachment  device  where 
the  gain  is  very  high,  for  example,  on  the  order  of  ten  or  twenty  and  where 
we  are  talking  about  control  signals  which  are  less  than  one-tenth  of 
the  supply  jet  pressure,  the  action  of  the  momentum  of  the  stream  is 
very  small  on  the  jet.  Essentially  the  entire  pheonomenon  is  in  the 
filling  of  the  bubble.  No  matter  what  kind  of  device  you  have  or  what 
kind  of  switch  you  have,  you  must  always  fill  the  bubble  and  you  must 
always  pierce  the  bubble.  You  will  not  have  switching  if  you  have  a 
bubble  on  that  side.  There  are  only  three  ways  that  a bubble  can  be 
pierced  or  broken,  1)  If  it  passes  the  end  of  the  attachment-wall,  2)  If 
it  hits  the  splitter  before  it  hits  the  vent  (we  have  been  labeling  that 
as  splitter  switching),  and  3)  If  the  attachment  angle  gets  to  be  greater 
than  roughly  sixty  seven  degrees  and  you  start  getting  more  flow  into  the 
bubble  from  the  jet  than  is  required  by  the  entrainment  causing  natural 
instability.  In  the  last  case  the  bubble  grows,  but  the  bubble  still 
must  burst,  the  jet  still  must  pass  the  vent  and  it  still  must  pass  the 
splitter;  however,  once  it  has  gotten  to  this  unstable  point  it  will 
continue  on  no  matter  where  you  have  the  vents  or  the  splitter. 
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Question  (Warren): 

Have  you  included  momentum  in  your  model?  In  the  very  close  wall 
device  if  there  is  more  momentum  in  your  control  jet  it  contacts  the 
other  wail  easier;  switching  is  a combination  of  mass  flow  and  momentum 
effects . 

Answer  (Drzewiecki ) : 

Yes,  momentum  is  included,  however  at  the  supply  pressures  that 
we're  talking  about  and  for  the  threshold  switching  of  one  of  these 
devices  where  the  control  pressure  required  is  less  than  one  tenth  of 
the  supply  pressure,  the  momentum  involved  is  about  one  one-hundredth  of 
the  momentum  in  the  supply  jet  and  therefore  the  contribution  of  the 
momentum  is  far  outweighed  by  the  contribution  of  the  pressure  field 
on  that  jet. 

Quest  ion  (Schaedel ) : 

I would  like  to  refer  to  your  figures  1 8a  and  b on  page  ^90.  There 
is  a lot  of  ringing  on  your  lines  at  the  output  of  the  amplifier.  Is 
there  any  reason  why  you  didn't  try  to  match  the  lines  so  that  you  avoid 
the  ringing. 

Answer  (Drzewiecki): 

There  was  no  effort  at  all  at  this  particular  time  to  match  the 
outputs;  if  you  appropriately  design  the  output,  ringing  can  be  completely 
removed;  however,  it  is  a very  interesting  point  that  the  rise  time  is 
increased  considerably  and  you  lose  frequency  response.  If  you  can  tolerate 
ringing  than  you  would  actually  want  the  outlets  to  be  underdamped  so 
that  you  get  the  maximum  rise  time. 

Question  (Ernest  Taylor,  Monsanto  Textiles): 

I see  that  in  your  article  you  use  both  the  terms  fluidic  and 
flueric  and  1 am  not  familiar  with  the  distinction  between  the  terms, 
if  you  don't  mind  I would  appreciate  an  explanation. 

Answer  (Drzewiecki): 

The  official  military  terminology  for  no  moving  part  fluidics  is 
fluerics  and  fluidics  is  the  generic  term  for  any  kind  of  hydraulic/pneumatic 
control,  computation,  sensing,  or  logic  devices  so  that  diaphragm  logic, 
even  perhaps  flow  valves  might  be  considered  fluidics  whereas  wa 1 1 -at tachment 
devices  and  proportional  amplifiers  that  have  no  moving  parts  are  considered 
flueric.  For  those  of  you  who  are  interested,  out  in  the  lobby  there  are 
copies  of  Mi  1 -Standards  1306  and  1361  which  explain  the  official  terminology. 


Question  (Taylor) : 


Might  I ask  this  then,  is  there  a pressure  distinction  between  fluidic 
devices  and  moving  parts  logic?  I heard  both  terms  used. 

Answer  (Drzewiecki ) : 

No,  not  according  to  the  way  fluidics  is  defined.  As  I think  was 
mentioned  before  by  Dr.  Moses  there  are  turbulent  flip-flops  or  logic 
devices  that  operate  in  the  supersonic  regime.  In  many  logic  devices, 
on  the  other  hand  it  is  important  to  use  as  little  pressure  and  as  little 
power  as  possible. 

Effects  of  a Splitter  and  Vents  on  a Reattaching  Jet  arid  Its  Switching  in 
Wall  Reattachment  Fluidic  Devices  by  T.  Wada,  M.  Takagi,  and  T.  Shimizu, 

Okayama  University,  Japan 

Question  (Drzewiecki): 

I would  just  really  like  to  ask  how  long 
take  to  take  all  this  enormous  mass  of  data, 
at  all  the  data  involved,  I could  see  that  it 
to  take  all  this  data.  Could  you  please  tell 
just  how  many  people  worked  on  this  or  was  it 
the  author? 

Answer  (Wada) : 

It  took  three  people  (the  authors)  about  seven  years  to  take  all  the  data. 

Question  (Dave  Keyser,  Naval  Ship  Engineering  Center): 

The  illustrations  (photographs)  with  the  flow  patterns  — are  those 
water  with  metal  chips  or  is  that  air  with  smoke,  I didn't  get  a chance 
to  read  the  paper  ahead  of  time? 

Answer  (Wada): 

The  flow  visualization  in  the  water  model  was  done  by  polystyrene  grain 
tracers . 

The  Laminar  Flip-Flop  by  T.  Drzewiecki  and  F.  Manion,  HDL 

Question  (Dr.  Shearer,  Penn  State  University): 

On  the  business  of  dynamic  response  I can  see  where  you  have  the 
desire  to  work  with  the  natural  frequency  of  the  laminar  proportional 
amplifier  to  get  some  idea  of  what  the  switching  time  might  be  and  I 
think  this  is  probably  a good  starting  point  to  get  a figure  of  merit, 
but  what  do  you  estimate  the  switching  time  to  be  in  terms  of  let's  say 
the  period  of  this  natural  frequency  let's  say  it  is  a 100  Hz  natural 


and  how  many  people  did  it 
I read  the  paper  and  I looked 
must  have  taken  many  years 
us  how  long  it  took  and 
just  the  three  people  and 
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frequency.  How  many  times  one  of  those  periods  is  the  switching  time? 

That  is,  what  is  the  period  of  one  complete  cycle  at  that  natural  frequency 
compared  to  the  switching  time.  Is  it  two  or  three  of  those  periods7 

Answer  (Manion): 

It  really  depends  on  the  design  details,  Dr.  Shearer,  on  how  close 
the  edges  are  and  how  negative  the  bias  vent  pressure  is.  I think  it  is 
around  two  or  three. 

Projects  on  Moving  Part  Fluidic  Devices  Carried  Out  at  Sir  George  Williams 
University  by  C.  C.  K.  Kwok,  Sir  George  Williams  University,  Canada 

E.  Markland  presented  this  paper. 

Comment  (S.  Fineblum,  Bell  Laboratories): 

There  is  a very  practical  application  that  is  even  more  dramatic  than 
the  one  shown.  If  you  want  to  put  out  an  electrical  fire  with  water,  a 
safe  way  to  do  it, (because  water  is  conductive)  is  by  slugs  of  water  in 
oscillating  streams.  Thus,  you  can  achieve  the  mass  flow  from  the 
pressurized  fire  extinguishers  to  the  fire  but  you  don't  have  an 
electrical  current  path  to  endanger  the  fire  fighter.  This  is  an  appli- 
cation that  is  being  worked  on  by  W.  B.  Eaves  of  our  division. 

TtCHNICAL  SESSION  3'-  Chairmen  J.  L.  Shearer,  Pennsylvania  State  University 

and  R.  Bowles,  Consultant 

A Survey  of  Sensors,  Parts  I and  II  by  A.  Schmidlin,  Picatinny  Arsenal  and 
J . M.  Ki rshner , HDL 

Question  (Karl  Reid,  Oklahoma  State  University): 

Did  you  mention  flow  sensors? 

Answer  (Schmi dl in) : 

No.  I did  not  cover  flow  sensor  in  my  talk,  they  are  mentioned  in 
part  II  of  the  paper . 

Question  (P.  Zalesky,  Air  Force  School  of  Aerospace  Medicine): 

I wonder  if  you  could  suggest  a scheme  for  isolating  the  effec 
of  CO^,  0, , and  temperature  that  are  changing  simultaneously. 

Answer  (Schmid  1 in) : 

Well  I think  you  raised  a difficult  question.  You  can  eliminate 
temperature  effects  by  using  a reference  gas  and  processing  both  the 
reference  and  the  unknown  gases  in  a heat  exchanger  so  that  they  are 

E 17 


f 

I 

1 


i»iii  -rn  ^weg*  - '***£&*** 


both  at  the  same  temperature  Off  hand  I don't  know  how  you  would  account 
for  CO2  and  0^  changing  simultaneously.  (Suggestion  volunteered  from  the 


audience  to  selectively  remove  the  CO2  (or  O2)  with  an  adsorbent). 


The  Fluidic  Acoustic  Sensor  by  B.  B.  Beeken,  Automatic  Switch  Comany 
Question  (G.  Roffman,  HDL): 


How  does  your  device  compare  in  let's  say  cost  and  performance  to 
the  conventional  photo  cell? 


Answer  (Beeken): 


Our  cost  depends  on  the  system.  There  are  so  many  different  photo- 
cell systems  and  so  many  different  applications  it  depends  on  the  envi- 
ronment and  the  demands  on  i t . We  find  that  our  costs  are  comparable  to 
many  photo  cell  systems  compared  to  which  we  have  advantages.  You  know 
that  in  dusty  atmospheres  and  in  oily  atmospheres  the  lenses  of  photo- 
cells get  coated  and  just  start  malfunctioning.  Thats  where  we  come  in 
because  we  don't  have  that  problem  at  all.  It  can  be  the  dirtiest 
atmosphere  you  can  think  of;  we  have  systems  in  rolling  mill  situations 
where  they're  looking  at  hot  ingots.  There  is  a temperature  gradient 
problem,  but  they  realized  that  they  had  to  look  through  the  gradient 
perpendicularly,  and  it  works  beautifully  even  though  they  couldn't  get 
photo  cell  systems  to  work  for  any  time  in  that  environment.  There  is 
steam  and  you  name  it  in  there. 


Question  (D.  Hellbaum,  NASA/Langley): 


It  looked  to  me  from  the  one  graph  that  it  was  operating  around  some- 
thing like  5 watts  of  power. 


Comment  (Beeken) : 


Five  watts!  I don't  think  it  is  that  high.  I believe  it  is  about 
one  watt,  but  I don't  remember  off  hand. 


Question  (Hellbaum): 


You  said  something  about  monitoring  passengers  in  buses,  I was 
wondering  about  this.  Isn't  this  in  the  audible  range? 


Answer  (Beeken): 


No,  it  is  not  in  the  audible  range.  50  kHz  is  well  beyond  the 
audible  range. 


Quest i on  (He  1 1 baum) : 

Oh  you  said  fifty  kc ! Does  it  make  any  audible  noise. 
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Answer  (Beeken) : 

Ycu  can  hear  a faint  hiss  which  is  due  to  the  exhaust  but  you  can't 
really  hear  that  when  it  is  all  enclosed. 

Question  (Vondell  Carter,  HDL) : 

1 don't  believe  I hearc  ycu  mention  a response  rate  for  the  switch. 
Answer  (Eeeken): 

The  response  time  is  in  the  order  from  1-2  milliseconds. 

Question  (Andy  Marshall,  Sperry-Vickers)  : 

Have  you  in  your  applications  had  any  problems  with  interference 
noise?  I noticed  your  distances  were  18  ft. 

Answer  (Beeken) : 

Not  yet.  The  sensor  is  at  50  kHz  ±3  kHz.  Now,  obviously  somewhere 
along  the  line  leaking  air  or  a machine  noise  is  going  to  produce  that. 
But  in  order  to  interfere  it  must  be  of  sufficient  intensity.  If  it 
let's  say  coming  from  a leak  somewhere,  the  wave  is  spherical  and  by 
the  time  it  gets  any  distance  it  has  dropped  off  considerably.  It  would 
have  to  be  right  up  against  the  sensor  to  interfere.  We.  have  tried  all 
kinds  of  things  to  create  disturbances  but  we  just  can't  knock  out  the 
s i gnal . 

Quest i on  (Shearer) : 

That  power  level  you  gave.  Did  that  include  the  whistle? 

Answer  (Beeken): 

Yes,  it  included  the  whistle. 

Theoretical  Analysis  of  a Two-Dimensional  Laminar  Jet  Rate  Sensor  by 
Dr.  Paul  Jacobs,  US  Army  Missile  Command,  Redstone  Arsenal,  Huntsville 


Development  of  a Laminar  Angular  Rate  Sensor  (LARS)  by  R.  Young,  General 
Electric  Company,  Philadelphia,  Pa. 

Question  (Ray  Thompson): 

Unaccustomed  as  I am  to  giving  praise,  I would  like  to  take  this 
opportunity  of  congratulating  Mr.  Young  on  an  excellent  presentation, 
particularly  in  view  of  the  substantial  content  involved  in  the  paper. 

In  view  of  the  fact  that  Mr.  Young  mentioned  temperature  compensation 


perhaps  he  would  be  kind  enough  to  detail  the  mode  of  operation.  Further- 
more, it  is  to  be  noticed  that  there  is  a small  orifice  upstream  of  the 
main  discharge  orifice,  the  function  of  which  could  bear  some  explanation. 


Answer  (Young) 


We  have  an  orifice  and  a laminar  resistor  such  that  over  a tempera- 
ture band  the  effect  of  the  temperature  on  the  orifice  flow  characteristic 
and  on  the  laminar  resistor  are  such  that  the  effects  tend  to  cancel  out. 
In  addition  what  we  have  done  is  to  use  a preheat  wire  in  the  inlet  flow 
stream  since  we  are  not  worried  about  the  temperature  of  the  body  of  the 
actual  metal  but  of  the  inlet  air  because  the  air  is  controlling  the 
performance. 


Quest  ion : 


Don't  you  have  a problem  with  external  noise  in  the  vents? 


Answer  (Young): 


We  have  had  several  people  discuss  the  problem  of  external  influences 
on  laminar  jets  and  we  have  designed  a shroud  that  decouples  the  vent  cavity 
from  the  external  disturbances.  One  way  that  this  is  being  done  is  to  raise 
the  pressure  so  that  the  flow  is  sonic  and  have  a sonic  exit  nozzle  in  the 
vent  chamber  to  decouple  any  and  all  downstream  loading. 


We  designed  decoupling  cavities  shrouds  and  we  ran  vibration  tests, 
hammering  (shock)  up  to  110  dB  acoustic  noise  at  0 to  5000  Hz  and  found 
absolutely  no  effect  on  the  rate  sensor.  But  it  is  not  in  the  basic  rate 
sensor  that  we  do  the  decoupling.  It  is  an  external  shroud  that  has  to  be 
incorporated  properly  designed  to  adequately  attenuate  the  external  acoustic 
energy. 


Mathematical  Modeling  and  Computer  Aided  Design  of  a Fluidic  G Sensor  by 
Charles  A.  Belsterling,  Franklin  Institute  and  A.  E.  Schmidlin,  Picatinny 
Arsenal 


Question  (Ray  Thompson): 


The  results  of  the  authors  underline  the  normal  limitations  of  utilizing 
a digital  machine  for  real  time  modelling.  Furthermore,  in  the  area  utilizing 
the  analogue  machine  difficulties  occur  with  respect  to  the  presentation  of 
non-linearities  by  the  use  of  function  generators.  I would  like  to  suggest 
that  this  could  be  resolved  by  the  utilization  of  a full  hybrid  facility  and 
I would  like  to  know  if  the  authors  have  considered  such  a machine.  A 
disturbing  technical  point  is  that  gains  of  the  value  of  104  are  shown  in 
some  of  the  analogue  loops.  Is  this  an  error  or,  if  not,  has  the  question 
of  stability  been  analysed? 


Belsterl ing: 


In  the  analog  computer  program? 


Thompson : 


In  the  analog  computer  program  which  showed,  I think,  a gain  of 
101*  before  it  went  into  an  integrator.  This  leads  to  quite  a lot  of 
errors,  of  course.  What  I was  going  to  come  down  to  the  pitch  of  my 
problem  or  my  question  is  have  you  considered  hybrid  computation  as 
opposed  to  using  purely  digital  or  purely  analog  because  obviously 
you  can  use  the  advantages  of  both  pieces  of  equipment? 


Bel s ter  1 ing: 


Yes.  Hybrid  computation,  of  course,  has  a lot  of  advantage^. 

You  can,  as  you  say,  do  your  computation  in  real  time  sometimes  or 
in  an  advanced  time  scale  which  is  convenient  to  an  analog  simulation. 
The  important  thing  is  that  you  can  store  all  kinds  of  nonlinearities 
in  the  digital  portion  of  the  hybrid  simulation  but  you  may  have  a 
problem  with  real  time.  You  have  to  draw  out  that  information  from 
the  digital  portion  of  the  hybrid  simulation  at  sometimes  high  rates. 
In  that  case  you  can  have  some  limitations.  But  we  feel  that  hybrid 
is  one  of  the  best  ways  to  go  because  you  can  slow  down  the  analog 
simulation  enough  to  be  compatible  with  a reasonable  speed  of  digital 
computat i on . 


Thompson : 


The  transfer  of  data  within  modern  hybrid  machines  is  extremely 
rapid,  the  average  digital  machine  having  a sweep  frequency  of  some 
30  kHz.  It  has  been  our  experience  that  even  in  the  analysis  of  shock 
wave  detonation  effects  applied  to  ship's  hulls  due  to  the  dropping 
of  depth  charges  we  can  still  obtain  the  required  speed  of  response 
on  the  digital  machine  together  with  maintaining  the  advantages  of 
undertaking  integration  on  the  analogue  facility.  Certainly,  it  is 
my  opinion  that  the  controversy  regarding  digital  v.  analogue  can  be 
resolved  simply  by  purchasing  a hybrid. 
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A Fluid  Ampl  i fier  Re>:. olds  Number  by  T.  Drzewiecki,  HDL 


Question  (Malcolm,  Memorial  University,  Canada): 


All  these  curves  are  for  turbulent  flow.  Right? 


Answer  (Drzewiecki) 


No.  The  last  statement  was  that  we  found  out  that  there  was  a 
unique  value  for  the  estab 1 i shment  of  fully  turbulent  flow. 


Quest  ion  (Malcolm) : 


You  are  probably  anticipating  the  question  but  it  is  clear  now  from 
the  program  of  this  symposium  that  the  advances  are  being  made  in  laminar 
submerged  jet  devices  and  is  there  some  correlation  which  are  empirical 
fits  on  your  curves  for  the  laminar  case? 


Answer  (Drzewiecki): 


I guess  I will  handle  the  last  question  first.  First  of  all  they're 
not  empirical  fits.  It's  all  theoretically  calculated  and  it  is  all  for 
laminar  flow.  The  entire  theory  for  calculated  discharge  coefficients 
is  based  on  laminar  boundary  layer  flow.  The  apparent  reason  for  this 
unique  value  of  modified  Reynolds  number  appears  to  be  correlated  to  the 
fact  that  at  that  value  of  Reynolds  number  you  are  discribing  a net  velocity 
profile  (a  laminar  velocity  profile)  at  the  exit  of  the  supply  nozzle  which 
will  then  immediately  turn  turbulent.  As  you  can  appreciate,  as  the 
Reynolds  number  becomes  lower,  there  is  some  length  of  laminar  flow  in 
this  device  and  then  it  is  turbulent  downstream.  Apparently  this  value  of 
Reynolds  number  predicts  a point  at  which  flow  becomes  turbulent  right 
past  the  exit  but  the  flow  within  the  nozzle  is  still  all  laminar. 


TECHNICAL  SESSION  A:  Chairmen  K.  Reid,  Oklahoma  State  University  and 

R.  Thompson,  University  of  Newcastle  Upon  Tyne, 
United  Kingdom 


Digital  Fluidic  Component  and  System  Design  by  G.  A.  Parker,  University 
of  Surrey,  United  Kingdom 


Question  (R.  Thompson): 


I would  like  to  ask  Dr.  Parker  a question.  He  has  the  advantage 
over  most  of  us  in  that  he's  done  a study  in  depth  of  the  components  and 
technology  which  is  presently  available  to  the  fluidic  engineer.  Can  he 
perhaps  let  us  know  whether  or  not  he  feels  that  the  general  trend  of 
fluidic  design  (l  am  talking  about  components  as  opposed  to  systems)  is 
towards  moving  part  devices  rather  than  non-moving  part  devices.  The 
author  mentioned  activities  occurring  in  this  field  in  the  USSR  and 
obviously  there  are  developments  being  undertaken  here  in  the  USA 
involving  moving  parts.  Perhaps  the  author  would  care  to  provide  us  with 
the  benefits  of  his  experience. 


The  number  of  scans  is  Sn  since  the  last  scan  value  is  always  stored, 
n 

mean  = (e  X,  W.)/S 
i = l 1 1 n 


standard  deviation  = 


S E (W.X.)2  - (e  W-X. )‘ 
n i=l  i=l  1 1 


The  median  value  is  that  data  value  where  there  are  as  many  data  values 

(considering  the  weight  factor)  less  than  its  value  as  there  are  greater 

than  its  value. 

Also  included  in  the  system  table  are  the  minimum  and  maximum  values 
for  all  the  common  blocks  that  the  user  has  defined  and  used  (section  6.3). 

One  additional  feature  in  the  table  is  the  status  of  either  a card 
punch  (section  4.3)  or  tape  write  (section  4.4)  for  the  identifiers  in 
this  file.  This  is  indicated  by  putting  a Y (for  yes)  or  N (for  no)  under 
the  PUNCH/TAPE/PLOT  column  for  each  option. 

Another  feature  in  the  table  is  the  status  of  a punch  or  tape  output 
for  the  PLOT  command  (section  6.1).  This  is  indicated  by  putting  an 

N (for  none),  C (for  card  output),  T (for  tape  output)  or  B (for  both 

card  and  tape)  under  PLOT  in  the  PUNCH/TAPE/PLOT  column  for  each  identifier. 

Immediately  preceding  the  above  table  output  is  the  following  infor- 
mation, where  j is  the  number  of  scans  in  the  file,  k is  a tape  drive  logical 
unit  number,  t is  the  tape  length  at  start  of  the  tape  write,  m is  the 
tape  length  at  the  end  of  the  tape  write,  n is  either  the  input  or  output 
tape  file  number,  and  s is  the  serial  number  of  the  tape. 

(a)  The  TITLE  information  is  printed. 

(b)  The  statement  THIS  DATA  FILE  HAS  PLOT  OUTPUT  ON  FILE  NUMBER  n ON 
UNIT  k WITH  LENGTH  t - m FEET  if  the  TAPE  option  appears  on  a plot  command 
(section  6.1.3). 

(c)  The  statement  THIS  DATA  FILE  HAS  PLOT  PUNCH  OUTPUT  if  the 
PUNCH  option  appears  on  a plot  command  (section  6.1.2). 

(d)  The  statement  OUTPUT  IS  FOR  INPUT  FILE  n ON  UNIT  k appears  if 
the  input  media  is  tape  (section  5). 


(e)  The  statement  TAPE  OUTPUT  ON  FILE  NUMBER  n ON  UNIT  k is  printed 
if  there  is  tape  output  (section  4.4). 
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(f)  The  statement  THE  LENGTH  RANGE  FOR  TAPE  FILE  OUTPUT  IS  t - m 
FEET  it  there  is  tape  output  (sections  4.4  and  5.7.1). 

(g)  The  statement(s)  THE  SERIAL  NUMBER  FOR  TAPE  ON  UNIT  k IS  s 
(section  5.7.1)  if  the  serial  number  s is  specifically  defined  for  any 
tape  unit. 

(h)  The  statement  THE  NUMBER  OF  SCANS  IS  j is  printed. 

4.2  Printed  Table  Output  for  IP's  and  Variables 

The  user  can  specify  a list  of  identifiers  whose  values  are  to  be 
printed  in  a table.  Each  identifier  is  assigned  its  own  table,  which 
will  begin  on  a new  page  of  output.  The  page  format  is  the  following: 

(a)  The  set  of  TITLE  command  fields  appear  (blank  fields  are 
incl uded) . 

(b)  The  statement  OUTPUT  IS  FOR  INPUT  FILE  n ON  UNIT  k appears  if 
the  input  media  is  tape  (section  5). 

(c)  The  statement  THE  FOLLOWING  VALUES  ARE  FOR  "name"  "dimension 
type . " 

(d)  A sequence  of  1 to  10  scan  numbers  appears  in  10112  format. 

(e)  A sequence  of  1 to  10  data  values  appears  in  10  ( 1 PEI 2.4)  format. 

(f)  A blank  line  appears  to  separate  sets  of  values. 

(g)  Lines  d through  f are  repeated  until  all  data  is  listed. 

If  a new  page  is  needed,  lines  a-c  will  be  repeated  at  the  top  of 
the  page.  The  command  used  to  generate  the  tables  is  TABLE. 


Example: 


TABLE 


PS,  PCI,  PC2,  X 


4.3  Punched  Card  Output  for  IP's  and  Variables 

The  user  can  specify  a list  of  names  whose  values  are  to  be  punched 
on  cards  (see  also  section  6.1.2).  For  each  file  in  which  the  punch  request 
is  made,  a complete  set  of  scan  and  data  values  will  be  puched  for  each 
identifier  in  the  order  that  the  name  appears  on  the  list.  The  structure 
of  the  punched  card  output  is  the  following: 

(a)  Identifier  Set  - Each  identifier  has  all  its  information 
punched  in  the  following  form: 

(1)  Name  Card  - Identifier  name  in  A10  form. 

(2)  Information  Records  - The  number  of  data  values  is  subdivided 
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into  a sequence  of  records  that  corresponds  to  the  number  of  points  that 
can  be  stored  internally  for  each  identifier.  The  record  form  is  the 
following: 


- Number  of  values  on  record. 

- Sequence  of  cards  containing  all  the  scan  numbers  for  the  record 
in  6112  format. 

- Sequence  of  cards  containing  all  the  data  points  for  the  record 
in  1P6E12.1  format. . 

(3)  The  records  are  repeated  until  all  values  are  punched. 

(4)  End-of-set  indicator  - The  number  9999  is  punched  in  112 
format  to  indicate  the  end  of  the  values  for  the  identifier. 


(b)  The  sets  are  repeated  until  all  information  is  punched. 


(c)  F.nd-of-File  Indicator  - The  name  I EOF  is  punched  in  A10  format 
to  indicate  no  more  punch  output  this  file. 


Information  about  the  punched  output  appears  in  the  system  identifier 
table  (Y/appears  under  PUNCH  in  the  PUNCH/TAPE/PLOT  column,  section  4.1). 


The  command  used  to  generate  the  punch  information  is  PUNCH.  The 
identifiers  in  the  list  can  be  ID's,  variables,  time  and  manual  setting 
but  not  constants. 


Example: 


PUNCH 


PS,  PCI,  QC1 


It  is  possible  to  limit  the  range  of  values  of  the  identifiers  in 
the  list  (a  maximum  of  seven  names  can  be  limited). 


Example: 


PUNCH 


PS,  PCI  (0.1,  0.5) 


Only  those  values  of  PCI  that  fall  in  the  range  0.1  to  0.5  will  be 
punched. 


4.4  Tape  Output  for  IP's  and  Variables 


The  user  can  specify  a list  of  identifiers  whose  values  are  to  be 
written  on  tape.  The  output  structure  is  exactly  the  same  as  for  PUNCH 
(section  4.3  a-c)  except  for  two  differences:  (1)  There  is  no  Fortran 
format  since  information  is  written  on  a binary  tape,  (2)  after  the  end 
of-file  indicator,  a tape  end-of-file  mark  is  also  generated. 


Information  concerning  the  tape  output  is  printed  in  the  system 
identifier  table  (Y/appears  under  TAPE  in  the  PUNCH/TAPE/PLOT  column, 
section  4.1). 
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The  system  automatically  assigns  unit  9 for  tape  output.  The  file 
number  count  is  initialized  at  the  beginning  of  the  program  and  automati- 
cally incremented  each  time  there  is  output  from  a command  file.  The 
system  informs  the  user  of  the  output  file  count  and  drive  unit  information 
in  the  system  identifier  table  (section  4.1). 


The  command  used  to  generate  the  output  is  TAPEWT.  Its  format  in- 
cluding the  value  limits  is  the  same  as  for  PUNCH. 


Example: 


TAPEWT 


PS,  PCI  (.1,  .5),  QC1 


There  are  two  special  features  that  can  be  included  in  the  tape 
write  command: 


(a)  Skip  file  option  - The  user  can  specify  the  number  of  files  to 
be  skipped  before  generating  tape  output.  This  specification  has  an  effect 
only  on  the  first  time  the  command  is  executed. 


Example: 


TAPEWT 


2,  PS,  PCI 


The  first  two  files  that  already  exist  on  the  tape  will  be  skipped. 
The  first  new  output  file  will  be  the  newly  created  third  file  containing 
data  for  PS  and  PCI.  The  next  output  file  used  for  the  next  command 
file  will  be  the  fourth  file. 


(b)  Change  unit  option  - The  user  can  change  the  logical  unit 


number  of  the  output.  This  feature  is  especially  useful  when  used  with 
the  tape  reread  feature  (section  5.4)  since  data  can  be  written  on  one 
unit  defined  as  output  and  then  the  same  unit  can  be  redefined  as  input. 
Hence,  the  tape  unit  serves  as  a scratchpad  for  storing  data.  However, 
to  effectively  use  this  feature,  certain  advanced  tape  features  must  be 
known  (section  5.7). 


Example: 


TAPEWT 


(10) 


3, PCI 


The  logical  unit  10  replaces  the  previously  defined  logical  unit  as 
the  system  tape  output  unit.  All  future  TAPEWT  commands  will  apply  to 
unit  10.  Only  one  output  unit  can  be  assigned  for  a given  command  file. 
For  the  above  example,  immediately  after  the  new  assignment,  three  files 
will  be  skipped  on  unit  10.  The  file  count  on  the  previously  defined 
logical  unit  will  remain  the  same.  Switching  tape  output  units  does  not 
erase  the  list  of  identifiers  in  the  tape  output  table. 


4.5  Scan  Table  for  ID's  and  Variables 


If  the  channel  input  option  is  standard  tape,  the  scan  feature  can  be 
used  to  examine  the  state  of  the  system  at  special  points.  The  manual 
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reading  can  be  changed  at  critical  points  in  the  recording.  These  readings 
can  then  be  specified  on  a SCAN  command. 

The  program  will  output  a scan  table  with  scan  numbers  correspondi ng 
to  the  last  time  the  respective  manual  settings  appeared  on  the  tape. 

The  user  can  then  refer  to  the  printed  table  output  (section  4.2)  to  find 
the  correspondi ng  values  of  any  ID's  or  VAR's  of  interest.  There  can 
be  a maximum  of  50  manual  settings  for  any  given  file. 

Example:  SCAN  111111  , 111112,  111113 

4 . 6 Constant  Identifier  Table 

The  user  can  specify  a list  of  constant  identifier  names  whose  values 
are  to  be  printed  in  a table.  The  table  appears  on  a separate  page  with 
the  set  of  TITLE  headings,  and  the  following  lines  corresponding  to  each 
identifier. 

"name"  = "value"  with  1PE20.8  format.  The  list  is  specified  on 
the  CTABLE  command. 

Example:  CTABLE  CONI,  PAMB 

4.7  Time  and  Manual  Entry  Features 

These  features  apply  only  to  the  standard  tape  input  and  RETAPE  (where 
standard  tape  was  the  original  input)  options.  In  this  case  the  system  has 
two  special  identifiers  defined  to  represent  the  time  (TIME)  and  manual 
(MANUAL)  entry.  These  identifiers  can  be  used  in  the  same  manner  as  any 
user  defined  identifier.  Hence,  they  can  appear  in  any  output  command 
(e.g.,  print,  punch,  tape,  or  plot)  and  can  appear  in  variable  expressions. 
The  TIME  values  are  saved  in  units  of  seconds.  These  identifiers  use  the 
output  format  of  10F12.0  for  printed  tables  and  6F12.0  for  punched  cards 
rather  than  the  standard  formats.  There  are  two  special  commands  associated 
with  these  identifiers. 

4.7.1  Saving  TIME  and  MANUAL  Entry 

Normally,  the  time  and  manual  entry  values  are  not  saved  by  the 
system  except  for  the  production  of  minimum  and  maximum  values  in  the 
System  Identifier  Table.  The  SAVE  command  can  be  used  to  save  these 
values.  Without  this  command,  these  special  identifiers  cannot  be  used 
in  any  output  command. 


Example: 


SAVE 


MANUAL,  TIME 


The  SAVE  command  can  list  either/both  identifiers  in  any  order.  If 
only  a sampling  of  the  values  is  desired,  the  user  can  specify  a storage 
resolution  factor,  similar  to  DELTX. 


Example: 


TIME  (1.),  MANUAL  (2.0) 


For  this  example,  only  when  time  changes  by  one  second  will  a new 
point  be  stored.  The  manual  setting  must  change  by  2. 

4.7.2  Listing  TIME  and  MANUAL  Entry  ' . 

This  option  allows  the  time  and  manual  entry  to  be  printed  as  tables 
in  exactly  the  same  manner  as  TABLE  with  two  exceptions:  (1)  The  settings 
are  printed  in  10F12.0  format  and  (2)  the  time  values  are  6 digit  numbers 
of  the  form  HHMMSS  representing  hours  (HH),  minutes  (MM)  and  seconds  (SS). 


Examp 1 e: 


TIME,  MANUAL 


5 . Channel  Input  Specification 

This  section  discusses  the  permissible  forms  of  channel  input  that 
can  be  used  in  the  program.  The  input  media  can  be  either  card  or  magnetic 
tape.  There  are  six  specific  input  forms  described.  The  specification 
is  made  on  the  CHINP  command.  If  the  input  is  tape,  the  tape  units  will 
use  the  logical  unit  numbers  9,  10,  and  14.  The  file  count  for  each  logical 
unit  is  maintained  by  the  system,  and  is  automatically  incremented  as 
each  data  file  is  either  read  or  skipped.  It  is  assumed  that  each  data 
file  contains  information  to  be  acted  upon  by  the  corresponding  command 
file.  Although  only  one  form  of  input  can  be  used  in  any  one  file,  the 
forms  can  be  mixed  through  the  entire  program.  The  statement  OUTPUT  IS 
FOR  INPUT  FILE  NUMBER  n ON  UNIT  k is  printed  after  the  TITLE  information 
on  all  output  tables,  provided  the  input  is  tape.  The  most  recently 
defined  CHINP  conmand  applies  to  the  present  data  file  and  all  future 
data  files  until  a new  command  is  defined. 

5.1  Standard  Input  Tape 

The  system  was  primarily  designed  for  this  form  of  input  althougn 
the  other  five  forms  do  apply.  It  is  assumed  that  the  data  have  been 
recorded  on  a digital  tape  recorder*  in  a format  that  has  the  following 
characteristics: 

(a)  Data  rate  - 556  bpi 

(b)  Width  - 7 track 


*The  recorder  used  at  HDL  is  a 


18-CR  manufactured  by  Kennedy  Co. 
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(c)  File  structure  - each  file  has  an  unspecified  number  of  records 
concluding  with  an  end-of-file  mark.  Each  record  consists  of  up  to  512 
characters  coded  in  BCD  (binary-coded-decimal).  Each  data  item  (channel 
input,  manual  entry,  or  time)  consists  of  16  characters. 

There  are  three  basic  formats  for  the  data  items: 

(a)  Manual  entry  - A six  -digit  integer  appears  anywhere  in  5-14 
characters  and  the  code  M appears  in  15-16  characters  of  this  16-character 
data  item. 

(b)  T i me  - The  time  appears  in  "hours,  minutes,  seconds"  in  characters 
5-14  in  the  form  XX. XX. XX  where  X is  a digit.  The  code  H appears  in 
characters  15-16. 

(c)  Channel  input  - An  integer  number  00-99  appears  in  characters 
3-4  representing  the  channel  number.  A decimal  number  consisting  of  four 
digits  and  a decimal  point  located  in  front  of  or  after  any  digit  (with 
or  without  a leading  sign  + or  -)  can  be  placed  anywhere  in  characters 
5-14.  (This  represents  recorded  data.)  A unit  code  V or  MV  appears  in 
characters  15-16. 


All  characters  not  used  in  describing  the  data  should  be  blank.  The 
sequence  of  any  scan  should  be  manual  entry,  time,  and  then  all  the  channel 
recordings.  The  option  used  to  specify  standard  tape  is  TAPE. 

Example:  CHINP  TAPE 

There  are  two  special  tape  input  features: 

(1)  Skip  file  parameter  - The  user  can  specify  how  many  files  to 
skip  before  reading  the  desired  file.  Unlike  the  TAPEWT  skip  file  parameter 
(section  4.4),  this  one  is  used  for  future  command  files  until  a new  CHINP 
command  is  scanned.  The  parameter  is  separated  from  TAPE  by  a "/." 


Example: 


CHINP 


TAPE/1 


The  present  command  tile  will  skip  one  data  file  before  reading 
data.  All  succeeding  command  files  will  skip  every  other  data  file  until 
a new  CHINP  command  is  scanned. 

(2)  Bad  Point  Limit  - If  there  are  readings  that  cannot  be  understood 
(incorrect  format  recorded),  the  system  outputs  an  error  message  indicating 
the  scan  number  and  the  16-character  channel  recording  (section  9.2-error 
5).  The  system  initially  sets  the  upper  limit  on  the  allowable  total  of  bad 
recordings  to  50.  Each  time  a bad  reading  is  scanned,  the  count  is  decre- 
mented. When  it  reaches  zero,  the  program  is  stopped,  and  an  error  message 
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is  printed  (section  9.2-error  6).  The  standard  tape  input  always  uses 
logical  unit  14. 

The  user  can  reset  the  bad  point  count  to  any  limit  he  desires  by 
specifying  *"limit"  as  the  last  information  on  the  CHINP  command  after 
the  TAPE  option. 


Example: 


CHINP 


TAPE*  80 


This  will  reset  the  bad  point  limit  to  80  for  the  file  in  which  the 
CHINP  comi.and  was  scanned.  However,  the  limit  reset  does  not  carry  over 
onto  the  new  command  files  as  the  skip  file  parameter  does.  Hence,  the 
"*k"  must  bt  repeated  for  every  file  for  which  the  limit  should  be  reset. 

Note:  One  must  use  TAPE/n  * k.  The  form  TAPE  *k/n  is  not  acceptable. 
5.2  Standard  Format  Card 

For  this  case,  the  data  file  is  designed  in  a standard  manner.  Each 
file  is  headed  by  a set  of  comment  cards  (indicated  by  CC  in  Columns  1-2). 

Each  scan  consists  of  two  cards,  each  with  format  10F8.3.  Hence,  a maximum 
of  20  channels  can  be  recorded.  The  channel  numbers  are  assumed  to  be 
recorded  in  ascending  order  starting  with  channel  0;  hence  no  channel 
number  need  be  specified  in  the  data  file.  The  end  of  the  file  is  indicated 
by  setting  the  first  channel  value  to  99999,,  and  leaving  the  other  fields 
on  the  two  cards  blank. 

The  input  option  for  this  command  is  STCARD.  The  entire  format  is 
CHINP  STCARD/N,  NC  where  N is  the  number  of  channels  recorded  and  NC 
is  the  number  of  comment  cards. 


Exampl e: 


CHINP  STCARD/10 ,3 


5 . 3 User  Specified  Format  Card 

This  option  is  similar  to  the  standard  card  format  (section  5.2) 
except  that  there  are  no  comment  cards,  and  the  user  specifies  the  data 
format.  There  can  be  an  arbitrary  number  of  channels  per  scan  appearing 
on  an  arbitrary  number  of  cards.  The  channel  numbering  sequence  and 
end-of-file  indication  is  the  same  as  for  the  standard  format  option. 

The  option  format  is  CHINP  CARD/N,  (format)  where  N is  the  number 
of  channels  per  scan  and  the  format  (any  FORTRAN  IV  format  for  real  numbers 
is  acceptable)  is  enclosed  in  parentheses. 


Exampl e: 


CHINP  CARD/35,  (10F8.2) 


For  this  case,  there  are  10  channels  recorded  per  card  and  four 
cards  per  scan  necessary  to  represent  35  channels,  referred  to  as  channels 
0-34  in  the  ID  commands.  The  last  set  of  4 cards  will  be  blank  except 
for  99999.  located  in  the  first  eight  columns  of  the  first  card.  It  is 
permissiable  to  mix  formats. 


Example: 


CHINP 


CARD/3,  ( El  2 .6  , 2F10.2) 


5.4  Processed  Data  on  Tape 

For  this  case,  the  data  to  be  read  have  been  produced  from  a previous 
program  using  the  TAPEWT  command  (section  4.4).  The  system  will  scan  the 
data  file  for  identifier  names  that  have  been  declared  in  the  present 
program  as  channel  ID's  (TIME  and  MANUAL  are  also  considered  ID's  and 
their  data  saved  if  the  SAVE  command  is  specified).  The  data  corres- 
ponding to  these  names  will  be  stored,  and  the  remaining  data  are 
ignored.  The  ID  features  (e.g.,  LIMIT,  DELTX,  etc.)  that  apply  to  input 
data  in  section  2 do  not  apply  to  processed  input  data.  The  system 
initially  assigns  logical  unit  10  to  this  tape  option.  The  command  field 
for  this  option  is  RETAPE. 


Example: 


CHINP  RETAPE 


There  are  two  special  features  that  can  be  used  with  this  option: 

(a)  Skip  file  parameter  - The  user  can  specify  how  many  files  to 
skip  before  reading  the  desTred  file.  As  with  the  TAPE  case  (section  5.1), 
this  parameter  causes  file  skips  in  future  command  files  unless  the  CHINP 
command  is  changed. 


Exampl e: 


CHINP  RETAPE/4 


The  first  four  files  are  skipped,  the  fifth  file  is  read,  the  next 
four  files  are  skipped,  etc. 

(b)  Change  unit  option  - The  user  can  specify  a new  logical  unit 
that  will  now  be  used  for  al 1 future  RETAPE  operations.  This  ieature  is 
tied  together  with  the  TAPEWT  feature  (section  4.4-b).  Only  one  unit  can 
be  used  per  command  file  for  the  RETAPE  option. 


Exampl e: 


CHINP 


RETAPE  (9) 


The  logical  unit  9 replaces  any  previously  defined  RETAPE  unit. 

Only  units  9 and  10  can  be  used  for  the  TAPEWT  and  RETAPE  features. 
Neither  unit  9 nor  10  can  be  used  for  both  TAPEWT  and  RETAPE  in  the  same 
command  file.  Also,  if  both  logical  units  are  defined  for  either  tape 
input  or  output,  they  cannot  both  be  used  in  the  same  command  file. 


USHMH 


TM 


The  skip  file  option  must  appear  after  the  logical  unit  assignment, 
e.g.,  RETAPE  (9)/4  is  correct. 

5.5  Processed  Data  on  Cards 

For  this  case,  the  data  to  be  read  were  previously  generated  using 
the  PUNCH  command  (section  4.3).  The  ID  features  that  apply  to  viput 
data  in  section  2 do  not  apply  to  processed  data.  The  data  cards  may  be 
combined  in  any  way  as  long  as  the  output  form  described  for  the  PUNCH 
command  is  obeyed.  This  form  essentially  consists  of  a group  of  identifier 
data  sets  followed  by  an  IEOF  card  for  each  file.  The  option  specified  is 
CPUNCH . 


Exampl e: 


CHINP 


CPUNCH 


5.6  FORTRAN  Formatted  Tape 


If  the  data  were  collected  on  a tape  using  FORTRAN  compatible  format- 
ting (i.e.,  the  data  can  be  read  by  using  standard  FORTRAN  I/O  commands), 

* hen  these  data  can  be  read  into  the  program  using  an  option  similar  to  the 
card  format  (section  5.3).  There  can  be  an  arbitrary  number  of  channels 
per  scan  with  the  limit  that  any  record  length  within  the  scan  cannot 
exceed  a total  of  168  characters.  The  channel  number  sequencing  is  the 
same  as  for  cards  but  the  end-of- file-indicator  is  any  value  greater  than 
29 

or  equal  to  10  . As  in  the  card  case,  the  last  scan  with  the  end-of- 

file  indicator  must  have  a complete  set  of  values,  even  though  all  values 
except  the  first  will  be  ignored  once  this  value  is  recognized  as  the  end- 
of  -file  indicator. 

The  option  form  is  CHINP  TAPE,  N,  (format)  where  N is  the  number  of 
channels  per  scan,  and  the  format  is  any  acceptable  FORTRAN  format. 


Example: 


CHINP 


TAPE,  20,  (5E11.3) 


Each  record  consists  of  55  characters  representing  5 of  the  20 
channel  values. 

As  in  the  other  tape  options,  there  is  a skip  file  parameter  that 
can  be  used. 


Example: 


CHINP 


TAPE/3,  5,  (5E11.3) 


The  first  3 files  are  skipped  before  the  desired  data  file  is 
read.  The  parameter  applies  to  future  command  files  as  well.  The  logical 
unit  used  for  this  option  is  14.  The  system  differentiates  between  FORTRAN 
format  and  standard  tape  (section  5.1)  by  checking  for  the  format  field. 

As  with  the  card  input,  it  is  permissible  to  mix  formats. 
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5 . 7 Ad_va_n ced  J ape  Fea tures 

There  are  three  special  tape  commands  available  to  the  program  to 
make  the  handling  of  the  tape  I/O  easier.  They  are  FILE,  REWIND,  and 
SKPFLE.  These  commands  apply  to  the  logical  units  9,  10,  and  14.  It  is 
important  to  remember  that  the  system  automatically  handles  the  file  count 
on  the  three  units,  and  that  the  count  is  independent  of  the  unit's  status 
as  input  or  output. 

5.7.1  Tape  File  Description 

The  user  may  alter  the  system  account  information  with  respect  to 
many  of  the  tape  features.  There  are  four  specific  options  that  can  be 
specified  on  the  FILE  command: 

(a)  User-defined  file  count  - The  user  can  change  the  file  count 
mai ntai nedHby- EFe  system  for  a gfven  tape  unit  (sections  4.4,  5.1,  5.4, 
and  5.6).  On  this  command  he  can  define  the  file  count  for  any  of  the 
three  tape  logical  units  (9,  10,  and  14).  The  system  initializes  the 
count  to  the  specified  value  before  beginning  the  execution  of  the  present 
command  file.  Since  the  count  will  automatically  be  incremented  when 

the  tape  file  is  actually  read,  the  user  should  specify  the  count  as  one 
less  than  the  true  value  for  that  file.  Hence,  if  the  present  data  file 
count  on  unit  14  will  be  7,  the  user  should  specify  6 on  his  FILE  command. 

Example:  FILE  COUNT  (14)  = 6 

(b)  Multi-tape  output  - The  user  may  request  more  output  (TAPEWT) 
than  can  fit  on  a single  tape.  The  system  checks  at  the  beginning  of  any 
file  that  uses  .i  TAPEWT  command  to  see  if  the  present  usage  of  the  output 
has  exceeded  2,200  feet.  If  it  has,  and  no  specified  backup  tape  is  avail- 
able, the  program  is  stopped,  and  the  message  PROGRAM  STOP  FROM  EXCESS 
TAPE  OUTPUT  is  printed.  The  user  can  circumvent  this  system  halt  by 
listing  a set  of  backup  tapes  to  be  used  if  necessary.  The  serial  numbers 
of  these  tapes  are  specified  on  a SPILL  command  and  are  printed  at  the 

top  of  the  System  Identifier  Table  when  utilized  (section  4.1).  The  last 
one  listed  will  be  used  first.  There  can  be  up  to  5 backup  tapes  listed. 

Example:  FILE  SPILL  (496,  2201,  U0007) 

In  submitting  the  job  (section  9.1),  the  user  should  also  indicate 
to  the  operator  that  these  tapes  may  be  used. 

(c)  Tape  length  specification  - At  the  beginning  of  the  program, 
the  system  initializes  the  length  of  the  output  of  the  tape  as  zero  on 
units  9 and  10.  As  the  program  is  run,  the  system  records  the  length  of 
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each  output  file  in  a table  (only  the  first  466  tape  files  can  be  recorded). 
However,  when  using  a tape  for  output  that  was  partially  filled  from  a 
previous  program  run,  the  system  will  not  know  the  length  of  the  already 
generated  files  and  will  be  forced  to  use  the  value  zero.  To  avoid  the 
use  of  the  zero  va1u=,  the  user  can  specify,  on  the  LENGTH  field,  the  length 
(in  feet)  of  the  tape  output  that  occurred  at  the  end  of  a given  file. 

Example:  TILE  LENGTH  (9,6)  = 800. 

The  tape  output  for  the  first  six  files  is  800  feet  for  unit  9. 

Example:  FILE  LENGTH  (9,4)  = 422.,  LENGTH  (9,5)  = 442. 

The  length  of  the  tape  output  for  file  5 is  20  feet. 

(d)  Mounting  new  tapes  - Normally  the  user  specifies  on  his  run 
slip  (section  9 .1 ) what  tapes  should  be  mounted  on  which  units.  However, 
the  user  can  specifically  define  these  tapes  on  the  MOUNT  field.  This 
option  especially  allows  ti.e  user  to  mount  new  tapes  on  units  9,  10,  and 
14  durrig  the  execution  of  his  program. 

Example : FILE  MOUNT  (14,U0007),  MOUNT  (10,452) 

The  tape  with  serial  number  U0007  will  be  mounted  on  unit  14,  and 
the  tape  with  serial  number  452  will  be  mounted  on  unit  10.  The  MOUNT 
option  causes  the  following  operations: 

(1)  Program  is  stopped  to  allow  new  tape  to  be  mounted. 

(2)  Present  tape  is  rewound. 

(3)  File  count  is  zeroed. 

(4)  Length  of  tape  output  set  to  0. 

(5)  Message  to  operator. 

If  the  user  specifies  a serial  number  for  a tape  unit  in  the  MOUNT 
option,  the  unit  and  serial  number  will  appear  in  the  system  identifier 
table  (section  4.1). 

5.7.2  Rewinding  Tape  Unit 

In  order  to  make  full  use  of  the  RETAPE  and  TAPEWT  features,  the 
usei  must  be  able  to  rewind  the  tape  after  writing  data  so  that  this 
information  can  later  be  read  using  RETAPE.  The  command  for  doing  this  is 
REWIND  N where  N can  be  the  logical  unit  9,  10,  or  14.  The  command  applies 
only  to  the  command  file  in  which  it  appears.  The  file  count  is  auto- 
matically reset  to  0 before  any  new  I/O  operation  is  performed. 
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Exampl e: 


REWIND  10 


Regardless  of  where  this  command  appears  in  the  command  file,  it  will 
be  executed  before  any  I/O  feature  using  the  specified  logical  unit. 

5.7.3  Skip  File  List 

For  the  TAPE  (section  5.1)  and  RETAPE  (section  5.4)  options,  the 
skip  file  parameter  allows  the  user  to  specify  a set  of  files  to  skip. 

The  SKPFLE  command  allows  the  user,  at  the  beginning  of  his  program,  to 
define  a set  of  files  to  be  skipped  with  respect  to  the  logical  input  units. 
There  is  a limit  of  20  files  that  can  be  so  defined.  The  system  will  auto- 
matically skip  these  files  whenever  their  file  count  is  reached. 

Example:  SKPFLE  14(1,6,10),  10(2,3,6) 

Files  1,  6,  and  10  will  be  skipped  on  unit  14  and  2,  3,  and  6 will 
be  skipped  on  unit  10. 

6.  User  Defined  Plots 


This  section  describes  the  two  commands  PLOT  and  LABELn  that  are 
used  to  define  specific  plots  and  labels  for  these  plots.  Three  other 
commands  are  also  described:  COMMON,  GRAPH , and  UPDATE,  which  are  used 

for  scaling  blocks  of  identifiers  for  plots. 

6.1  Plot  Command 


The  user  can  specify  on  a PLOT  command  a set  of  curves  to  be  drawn 
on  a single  plot.  A list  of  identifier  names  are  specified.  The  first 
is  the  independent  name,  and  the  rest  are  dependent.  Any  identifier  name 
including  TIME  and  MANUAL  may  be  specified. 

Example:  PLOT  (PS,  QS , PCI) 

The  curves  QS  vs  PS  and  PCI  vs  PS  will  both  be  drawn  on  the  same 
plot.  The  curves  are  automatically  scaled  so  that  the  values  will  all 
fit  on  a 5 in.  x 5 in.  plot. 

The  appropriate  name  and  its  assigned  dimension  type  appears  on 
both  the  X and  Y axis.  There  is  one  axis  drawn  for  each  X-  or  Y-name,  so 
that  the  system  information  about  the  curve  can  be  given.  Also  appearing 
on  the  axis  is  the  scale  information  marked  at  every  inch.  The  system 
automatically  spaces  between  plots.  Once  the  plot  is  defined,  it  will  be 
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used  in  future  command  files,  unless  specifically  reset  by  the  user.  If 
there  are  no  values  stored  for  a given  identifier,  the  curve  for  that 
identifier  will  not  be  drawn. 

Restri ctions : 

(a)  There  can  be  up  to  5 dependent  names  for  each  independent 
name  on  one  plot. 

(b)  There  can  be  up  to  2 independent  names  on  one  plot. 

(c)  There  can  be  up  to  20  plots  defined  for  any  command  file. 

There  are  many  features  associated  with  the  PLOT  command  that  make 
it  more  useful. 

6.1.1  Multiple  Plots 

The  user  can  define  two  sets  of  curves  to  appear  on  the  same  plot. 
Example:  PLOT  (X,  Y)  (A,  B) 

The  curves  Y vs  X and  B vs  A will  appear  on  the  same  plot.  There 
will  be  two  X-axes  (one  for  X,  one  for  A,  and  two  Y-axes  (one  for  Y and 
one  for  B) . 

6.1.2  Punching  the  Plot  Data 

The  user  can  specify  that  the  plot  data  be  punched. 

Example:  PLOT  PUNCH,  (X,  Y,  Z) 

A set  of  cards  will  be  punched  for  Y vs  X data  and  for  Z vs  X data. 

For  each  curve  punched,  the  output  format  is: 

(a)  The  first  card  gives  the  information  about  the  independent  and 
dependent  names  and  the  number  of  points  for  the  curve.  The  exact  format 
is  shown  below: 

PLOT  OF  'X-name'  VS  'Y-name'  FOR  n POINTS 

8H  A10  2H  A10  3H  110  8H 

(b)  All  the  independent  name  values  are  punched  using  1P6EI2.4 
format. 

(c)  All  the  dependent  name  values  are  punched  using  1P6E12.4  format. 
The  above  format  makes  it  easy  for  the  user  to  enter  these  data  into  a 
FORTRAN  program  independent  of  the  FLUID  system.  All  cards  punched  from 
plot  data  are  produced  before  the  cards  generated  by  the  PUNCH  command 
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6.1.3  Taping  the  Plot  Data 

The  user  can  also  specify  that  the  plot  data  be  written  on  tape  to 
be  used  in  another  FORTRAN  program  independent  of  the  FLUID  system. 


Exampl e: 


TAPE  (9),  (X,  V) 


The  Y vs  X data  will  be  written  on  logical  unit  9.  (The  user  must 
specify  either  the  units  9 or  10  on  any  plot  command  using  the  tape  feature. 
All  plot  commands  for  a given  command  file  must  specify  the  same  logical 
unit.)  After  all  the  plot  data  desired  have  been  written,  an  end-of-file 
mark  is  generated  before  any  tape  output  is  generated  for  a TAPEWT  command 
on  the  same  logical  unit.  Information  about  the  plot  tape  output  appears 
in  the  system  identifier  table  (section  4.1). 

The  following  information  is  written  for  each  curve  in  the  plot 
(remember  the  data  are  written  in  binary  form  and  hence  no  Fortran  format): 

(a)  The  first  record  contains  the  independent  name,  dependent  name, 
and  number  of  points. 

(b)  The  next  set  of  records  contains  the  independent  name  values. 

(c)  The  next  set  of  records  contains  the  dependent  name  values. 

6.1.4  Marking  the  Curves 

If  the  user  finds  it  difficult  to  distinguish  between  curves  on 
a plot,  he  can  specify  that  special  marks  be  placed  on  each  curve.  There 
are  10  types  of  marks:  □ o A + x ❖ t XZY.  The  system  will 

use  the  first  type  for  the  first  curve  and  continue  matching  marks  with 

each  successive  curve. 


Example:  PLOT  MARK,  (X,  Y,  Z) 

The  curve  Y vs  X will  have  a "d  11  placed  at  every  point  on  the 
curve,  and  the  curve  Z vs  X will  have  a " o " placed  at  every  point.  The 
mark  will  also  appear  next  to  the  name  on  the  dependent  axis  so  that  the 
user  can  easily  identify  each  curve.  To  avoid  placing  a mark  at  every 
point,  the  user  can  specify  MARK(n)  where  n is  an  integer  value  representing 
the  frequency  at  which  marks  should  be  placed  (e.g.,  MARK(10)  means 
place  a mark  at  every  tenth  point).  If  n is  negative,  the  marks  without 
the  line  will  be  drawn. 
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6.1.5  Specifying  Axis  Length 

The  user  can  override  the  standard  5 in.  x 5 in.  axis  size  by  specifying 
his  own  dimensions . 

Example:  PLOT  6.  8.,  (PS,  PCI) 

The  X-axis  will  be  6 in.  long,  and  the  Y-axis  will  be  8 in.  long. 

6.1.6  Specifying  Scale  Information 

The  user  can  override  the  automatic  scaling  feature  by  using  the 
SCALE  option.  If  plot  limits  are  specified,  all  data  points  outside  this 
range  are  ignored.  For  each  discarded  point,  the  curve  will  be  drawn 
connecting  the  preceding  point  with  the  next  acceptable  value.  Hence, 
the  user  must  be  careful  in  choosing  his  limits  and  interpreting  the  plot. 
Also,  the  user  can  specify  whether  the  scaling  algorithm  should  be  the 
same  as  the  automatic  one,  but  based  on  the  user  specified  limits  (user 
specifies  STD),  or  if  the  scaling  algorithm  should  use  a scale  factor 
obtained  by  taking  the  axis  length  and  dividing  by  the  absolute  value  of 
the  difference  between  the  specified  upper  and  lower  limits  (user 
specifies  NSTD).  The  SCALE  option  can  be  used  for  any/all  the  identifiers 
on  the  plot  list. 

Example:  PLOT  (SCALE,  PS,  0.,  20.,  NSTD,  SCALE,  QS,  0.2,  12,  STD) 

The  curve  QS  vs  PS  will  be  plotted  with  only  those  PS  values  that 
lie  between  0 and  20  and  those  QS  values  that  lie  between  0.2  and  12.  The 
X-axis  will  be  scaled  to  20/5  = 4 units  per  inch,  and  the  Y-axis  will  be 
scaled  by  the  system.  The  five  fields  specified  in  order  are  SCALE,  name, 
lower  limit,  upper  limit,  scale  type. 

6.1.7  Ordering  of  the  Plot  Command 

The  following  is  the  ordering  of  specifications  on  the  PLOT  command: 

(a)  Punch  feature,  if  desired. 

(b)  Tape  feature,  if  desired. 

(c)  Mark  feature,  if  desired. 

(d)  Axis  length,  if  desired. 

(e)  Plot  name  list. 

(f)  Second  plot  name  list,  if  desired. 

Option  (a)  - (d)  apply  to  both  plot  name  lists, 
is  separated  from  the  next  with  a indicator. 


Each  specification 


6.1.8  Common  Scale  Feature 


The  user  can  specify  that  all  the  dependent  names  on  a given  plot 
are  to  have  the  same  scale  factor  based  on  the  maximum  and  minimum  values 
of  all  the  dependent  names.  The  PLOT  command  takes  on  the  following  form: 


PLOT  (X,  COMMON/ Y 1 , Y2...) 


or  PLOT  (X,  COMMON/SCALE,  [STD  or  NSTD] , 


lower  bound,  upper  bound,  Y1 , Y2,...) 


In  the  former  case,  by  specifying  "COMMON/",  all  the  dependent  names 
Yl,  Y2,...  will  have  the  same  computed  scale  factor. 


In  the  latter  case  by  specifying  "COMMON/"  followed  by  scale  in- 
formation, all  the  dependent  names  Yl,  Y2,...  will  have  the  same  specified 
scale  features.  This  latter  option  is  simply  an  abbreviated  form  of  the 
already  available  SCALE  feature.  With  the  single  name  SCALE  feature,  one 
could  use  PLOT  (PS,  SCALE,  PCI,  0.1,  0.5,  STD,  SCALE,  PC2 , 0.1,  0.5,  STD). 
However,  the  multiple  name  scale  feature  allows  the  following  use: 


PLOT  (PS,  COMMON/SCALE,  STD,  0.1,  0.5,  PCI,  PC2) 


In  computing  the  scale  factor,  when  upper  and  lower  bounds  are  not 
specified,  the  system  finds  the  maximum  value  of  all  the  identifiers  and 
the  minimum  value  of  all  the  identifiers  and  then  uses  these  two  values 
to  obtain  the  proper  scale  factor. 


Example:  PLOT  MARK,  6.,  8.,  (PS,  COMMON/QS,  QC1) 


The  curves  for  QS  vs  PS  and  QC1  vs  PS  will  have  the  same  scale 
factor  for  the  Y-axi s . 


6.2  Label  Command 


The  user  can  define  a label  to  appear  above  a plot  generated  by  a 
PLOT  command.  The  command  LABELn  causes  its  character  field  columns  7-72 
to  be  printed  above  the  corresponding  plot  in  two  rows,  the  first  row 
containing  columns  7-36  and  the  second  row  containing  columns  37-72.  The 
label  characters  are  spread  out  to  cover  the  entire  plot  width.  If  the 


digit  n is  between  1 and  9,  the  LABELn  command  goes  with  the  nL  PLOT 
defined  in  the  program.  If  the  digit  n is  "0",  the  LABELO  command  goes 
with  the  PLOT  command  defined  most  recently  in  the  program. 


Example: 


LABEL1 

LABEL2 

PLOT 

PLOT 

PLOT 

LABELO 

PLOT 

LABELO 


PLOT  1 
PLOT  2 
(X  ,Y ) 
(X,z) 
(X,w) 
PLOT  3 
(X,T) 
PLOT  4 


The  first  plot  Y vs  X has  the  label  "PLOT  1".  The  second  plot 
Z vs  X has  the  label  "PLOT  2". 

The  third  plot  W vs  X has  the  label  “PLOT  3"  and  the  fourth  plot 
T vs  X has  the  label  "PLOT  4". 

6.3  Common  Block  Definition 

This  feature  expands  greatly  the  common  scale  feature  described 
earlier  (section  6.1.8).  The  user  can  now  define  a set  of  identifiers 
to  belong  to  a common  block.  This  block  is  referenced  by  an  index  number. 
The  block  has  an  upper  and  lower  bound  that  is  a function  of  its  identifier 
list  automatically  computed  in  any  command  that  references  the  block  index. 

6.3.1  COMMON  Command 

This  command  is  used  to  define  the  common  block. 

Example:  COMMON  1 (QC1 , QC3,  QC5) , 2(PC1,  PC3,  PC5) 

The  user  specifies  a sequence  of  names  that  he  wishes  to  be  used  in 
defining  a common  set  of  upper  and  lower  bounds.  In  this  case  QC1 , QC3, 
and  QC5  define  bounds  referenced  as  common  block  1.  PCI,  PC3,  and  PC5 
define  common  bounds  referenced  as  common  block  2. 

The  user  can  define  up  to  12  common  blocks  (with  index  1-12)  and  can 
define  up  to  5 names  at  any  one  time  for  each  block. 

6.3.2  Common  Block  Reference 

The  user  can  refer  to  the  common  block  in  one  of  two  ways: 

(a)  PLOT  command  or  (b)  UPDATE  command. 

(a)  Plot  command  reference 

There  are  three  forms  of  the  plot  command  reference:  Each  form  has 

the  general  order  ("independent  name,"  COMMON  "form  operator"  "block  index") 


(1)  ini ti al j ze  form  - This  form  is  actually  just  another 
structure  of  the  common  seal e feature  definition  and  is  referenced  by  the 
" - " form  operator. 


COMMON  1 ( PC  1 , PC3) 

PLOT  (PS,  COMMON  - 1) 

PLOT  (QC1 , COMMON  - 1) 


is  the  same  as  PLOT  (PS,  COMMON/PCI , PC3) 

PLOT  (QC1,  COMMON/PCI , PC3) 

Each  time  the  PLOT  command  is  executed,  the  bounds  for  common 
block  1,  and,  hence,  the  scale  factor  for  the  plot  will  be  computed  based 
on  the  present  limits  of  PCI  and  PC3.  This  form  simply  saves  writing  out 
the  list  of  names  each  time  a different  plot  involving  those  names  is 
desired. 

(2)  Update  form  - This  form  uses  the  present  limits  of  the 
dependent  names  in  the  block  to  update  the  block  scale  factor  set  from 
the  PLOT  or  UPDATE  commands  of  previous  files  if  either  the  previous  upper 
or  lower  bound  is  exceeded.  The  form  operator  is  "/." 

Example:  COMMON  1 (PCI  , PC3) 

PLOT  (PS,  COMMON/ 1) 

The  acts  as  the  " - " operator  if  it  is  the  first  time  that  a block 
has  been  referenced  in  a PLOT  command. 


(3)  Non-update  form  - This  form  uses  the  scale  factor  computed 
from  the  previous  block  reference  in  a PLOT  or  UPDATE  command  for  the 
present  PLOT  command. 


Example:  PLOT  (PS,  COMMON  * 1) 


The  acts  as  the  " - " operator  if  it  is  the  first  time  that  a 
block  has  been  referenced  in  a PLOT  or  UPDATE  command.  This  form  allows 
the  user  to  have  exactly  the  same  scale  factor  for  plots  from  various 
command  files  that  have  the  same  common  block  index  so  that  they  can  be 
more  easily  compared. 


There  can  be  a problem  with  this  form.  If  the  first  file  does  not 
contain  the  largest  range  for  a given  common  block,  then  data  points  are 
discarded  in  the  plots  of  subsequent  files  if  their  values  fall  too  far 
outside  the  initial  common  block  range.  Points  will  be  discarded  if  they 
fall  more  than  0.9"  below  the  X-axis  or  more  than  10.9"  above  the  X-axis. 
Plots  with  discarded  points  are  treated  as  those  which  have  data  exceeding 
user  specified  plot  limits  (section  6.1.6).  This  problem  is  solved  by 
using  the  UPDATE  command  to  be  described  later. 
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For  all  three  forms,  the  entire  block  list  does  not  have  to  be  used 
in  computing  the  scale  factor  for  a given  plot. 

Example:  COMMON  1(QC1,  QC3,  QC5) 

PLOT  (PS,  COMMON/1,  QC1,  QC3) 

PLOT  (PS,  COMMON/ 1,  QC1,  QC9,  QC2,  QC4,  QC6) 

In  the  first  plot,  only  QC1  and  QC3  are  used  to  update  the  scale 
factor.  In  the  second  plot,  QC1  and  four  new  identifiers  that  do  not  even 
appear  in  the  block  definition  are  used  to  update  the  block  limits.  There 
is  a limit  of  five  identifiers  that  can  be  listed  in  the  common  option  of 
the  plot  command. 

(b)  Update  Reference  - The  UPDATE  command  allows  the  user  to  update 
the  limits  for  a given"  common  block  without  actually  generating  a plot. 

Example:  COMMON  1(QC1,  QC3) , 2(PC1,  PC3) 

UPDATE  1,  2 

The  limits  for  blocks  1 and  2 will  be  updated  every  file  unless  the 
UPDATE  command  is  reset. 

As  in  the  PLOT  CASE,  the  user  can  specify  a list  of  names  (not  all 
belonging  to  that  block)  to  be  used,  rather  than  the  entire  block  list  in 
updating  the  scale  factor. 

To  avoid  the  problem  of  discarded  data  associated  with  the  non-update 
form  of  the  PLOT  command  and  yet  have  one  common  scale  factor  for  plots 
generated  throughout  the  program,  the  user  can  process  all  his  data  and 
save  it  by  using  TAPEWT.  He  then  reads  the  data  back  in  using  REWIND  and 
RETAPE  and  performs  the  actual  plots  using  the  updated  scale  factors  based 
on  all  of  the  data. 

Example:  UPDATE  1,  2( PCI ) 

An  example  of  such  a program  is  shown  in  figure  2.  It  is  desired 
to  have  two  plots,  P01  vs  PS  and  P02  vs  PS  in  each  plot,  made  from  data 
PS,  P01 , P02  in  data  files  1 and  2 on  the  standard  tape  input.  In  the 
first  two  command  files,  the  data  are  read,  the  scale  factor  is  updated, 
and  the  data  are  stored  back  on  tape.  After  the  tape  is  rewound,  the 
processed  data  are  now  reread,  and  the  plots  drawn,  both  with  the  proper 
identical  scale  factor. 


There  is  an  option  on  the  UPDATE  command  that,  when  used  in  con- 
junction with  the  GRAPH  command,  allows  the  user  to  plot  up  to  24  curves 
from  various  data  files  on  a single  plot  with  common  scale  factors. 

Example:  UPDATE  1/PS  (PCI,  PC3) 

Whenever  a "/name"  appears,  the  system  assumes  a curve  is  to  be 
generated  with  the  independent  identifier  for  that  command  file  being  the 
specified  name.  Hence,  the  system  automatically  saves  on  disk  the  data 
for  the  curves  PCI  vs  PS  and  PC3  vs  PS.  The  system  also  maintains  the  lower 
and  upper  limits  of  the  X-axis  identifier.  The  independent  identifier’s 
name  can  change  for  the  same  COMMON  block  in  different  command  files. 

Example:  COMMON  1 (P01  , P02) 

UPDATE  1PC1  (POl) 

END 

UPDATE  1/PC2  (P02) 

In  this  case,  PCI  is  the  independent  identifier  in  one  file,  and  PC2  is 
the  independent  identifier  in  the  next  file. 


* 

DATA  IS  ON  STANDARD  TAPE 

CHINP 

TAPE 

ID 

PS 

ID 

POl 

ID 

P02 

COMMON 

1 (POl,  P02) 

TAPEWT 

POl,  P02 , PS 

UPDATE 

END 

1 

* 

END 

READ  SECOND  FILE  WITH  PS,  POl, 

* 

READ  FIRST  FILE  AGAIN  AND  PLOT 

REWIND 

9 

RESET 

UPDATE,  TAPEWT 

CHINP 

RETAPE  (9) 

PLOT 

END 

(PS,  COMMON  *1) 

* 

END 

STOP 

READ  SECOND  FILE  AGAIN  AND  PLOT 

Figure  2.  Example  of  use  of  UPDATE  Command. 


F42 


Once  the  data  have  been  saved,  they  can  now  be  plotted  using  the  GRAPH 
command. 

6.4  GRAPH  Command 


This  command  allows  the  user  to  plot  a set  of  curves  with  a common 
X-Y  axis  (as  opposed  to  multiple  axis  for  the  PLOT  command).  After  having 
stored  the  curves  using  the  UPDATE  command  (section  6.3.2),  all  the  curves 
for  the  referenced  common  block  (including  those  generated  in  the  same  command 
file  as  the  GRAPH  command)  are  plotted  when  the  GRAPH  command  is  executed. 

Example:  GRAPH  1 (PC/PSI , PO/PSI) 

The  user  has  specified  that  all  curves  saved  for  common  block  1 are 
to  be  plotted.  When  the  plotting  is  done,  the  GRAPH  command  is  automatically 
reset,  and  ^he  curve  data  is  destroyed.  The  user  specifies  an  X-axis  and 
Y-axis  name  and  can  also  specify  a dimension  type.  If  no  type  is  specified, 
nothing  is  printed.  However,  if  "/"  is  used  alone,  the  default  dimension 
type  is  printed. 

The  set  of  title  cards  will  appear  above  the  plot  with  a character 
size  determined  by  the  length  of  the  X-axis. 

There  can  be  a maximum  of  24  curves  generated  for  a single  GRAPH 
command.  The  X-  and  Y-axis  lengths  are  automatically  set  at  5 inches. 

There  are  three  options  available  to  the  user. 

(a)  Marking  the  Curves 

As  with  the  PLOT  command,  the  user  can  mark  the  curves  in  order  to 
distinguish  them  (section  6.1.4). 

Example:  GRAPH  1,  MARK  (10),  (PC,  PO) 

In  addition  to  the  10  mark  types  already  described,  there  are  four 
more:  K * X i . If  there  are  more  than  14  curves  on  a 

single  GRAPH,  the  type  mark  will  be  reinitialized  to  the  first  type  for 

the  15^  curve. 

(b)  Specifying  Axis  Length 

The  user  can  override  the  standard  length  by  specifying  his  own 
dimensions: 
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Example:  GRAPH  1,  6.,  8.,  (PC,  PO) 

The  X-axis  will  be  6"  long,  and  the  Y-axis  will  be  8"  long. 

The  order  for  the  GRAPH  fields  is: 

(a)  block  number 

(b)  mark  option 

(c)  axis  length  option 

(d)  X-Y  nanie. 

Example:  The  example  shown  in  figure  2 could  be  simplified  by  sub- 

stituting the  following  commands  for  those  after  the  COMMON  command: 


UPDATE 

END 

GRAPH 

END 

STOP 


1/PS 

1,  (PS,  PO) 


The  example  in  figure  2 would  result  in  two  two-curve  plots,  each 
designated  as  P01  vs  PS  and  P02  vs  PS.  The  above  example  would  yield  a 
single  four-curve  plot  designated  as  PO  vs  PS. 

(c)  Specifying  Scale  Factor 

The  user  can  specify  his  own  scale  limits  to  be  used  for  the  X and 
Y identifiers.  This  corresponds  to  the  NSTD  feature  for  PLOT  (section  6.1.6) 
except  that  no  points  will  be  discarded. 

Example:  GRAPH  1,  (PC/PSI*.2,  .5,  P0/PSI*0. ,4. ). 

The  "*"  indicates  that  the  lower  and  upper  limits  will  be  specified. 

7.  Standard  Plot  Feature 

This  feature  is  used  to  generate  the  curves  that  appear  on  the 
second  page  of  the  Digital  Fluidic  Component  Fact  Sheet  adopted  by  the 
Government  Fluidics  Coordination  Group  (GFCG).  A set  of  five  plots  that 
represent  the  main  characteristics  of  the  fluidic  device  is  generated. 

The  set  of  plots  includes  the  following  types  (Qx  = volumetric  flow; 

Px  = pressure). 
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Type  1.  Power  character!' stic  curves  - A set  of  up  to  four  QS  vs 
PS  curves  may  be  generated. 

Type  2.  Control  characteristic  curves  - A set  of  up  to  16  QCn  vs 
PC^  curves  may  be  generated  where  n = 0,  1,...,9. 

Type  3.  Output  characteri sti c curves  - A set  of  up  to  16  Q0n  vs  P0n 
curves  may  be  generated  where  n = 0,  1,...,9. 

Type  4.  Output  recovery  curves  - A set  of  up  to  8 PO^  (or  Q0n)  vs 
PS  curves  may  be  generated  where  n = 0,  1,...,9. 


Type  5.  Quasi-static  input-output  transfer  characteristic  curves  - 
A set  of  up  to  32  PO  (or  QO  ) vs  PC  curves  may  be  generated  where  n, 

On  n fl  PI  '! 

, 1 , ...  ,9. 


Each  set  of  curves  is  drawn  on  a 2"  x 2"  plot  with  0.25"  between 
plots  (horizontally  and  vertically).  The  title  commands  are  printed 
above  the  standard  plot  output.  A "+"  is  placed  at  the  (0,0)  point  on 
any  plot  for  which  the  point  exists. 

The  maximum  and  minimum  of  all  the  control  pressures  at  which  the 
device  switches  ON  (PCSW0N)  (section  8.2)  are  indicated  above  the  X axis 
of  plot  type  5 with  "1"  and  the  maximum  and  minimum  of  all  the  control 
pressures  at  which  the  device  switches  OFF  (PCSW0FF)  are  indicated  in  a 
like  manner  below  the  axis. 


The  names  (P0,  PC,  PS,  Q0,  QC , and  QS)  appear  on  the  axes  along 
with  their  dimension  type.  The  name  of  each  identifier  (ID  or  variable) 
used  for  these  curves  must  have  its  first  two  letters  correspond  exactly 
to  the  above  names.  ( The  "0"  in  P0  and  QO  is  the  letter  "0"  and  not  the 
number  zero.)  The  name  index  (e.g.,  4 in  PC4)  must  be  a single  digit. 

Letters  or  digits  beyond  the  first  three  characters  are  ignored. 

The  standard  plots  are  generated  using  the  STDPLT  command.  The  command 
applies  only  to  the  file  in  which  it  appears. 

Example:  STDPLT  2 

Ail  QCn  vs  PCn  data  for  the  command  file  in  which  the  command  appears 
is  saved  for  later  generation  of  the  type  2 plot. 

7.1  Partial  Plot  Storing 

If  a list  of  identifiers  appears  after  the  plot  index,  then  only  those 
curves  relative  to  the  specified  names  will  be  saved.  For  example,  the 
user  may  have  defined  and  recorded  data  for  two  control  pressures  (e.g.. 
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PCI  and  PC2)  and  two  output  pressures  (P01  and  P02).  Type  5 plot  data 
pertinent  to  only  PCI  are  in  one  file,  and  the  data  pertinent  to  only  PC2 
are  in  the  next  file.  The  user  would 

STDPLT  5 ( PC  1 , P01,  P02) 

END 

STDPLT  5( PC2 , P01 , P02) 

7.2  Multiple  Plot  Storing 

The  user  can  specify  that  more  than  one  type  of  plot  is  to  be  generated 
in  a given  command  file. 

Example:  STDPLT  1,  4(PS,  P01 , P02) 

END 

STDPLT  2( PCI , QC1 ) , 5(PC1  , P03,  P04) 

7.3  On-Off  Definition  for  Plot  3 


If  not  specified  by  the  user,  the  system  assumes  that  curves  defined 
for  plot  3 contain  both  PO  on  and  PO  off  data.  If  PO  is  increasing,  it  is 
assumed  to  be  on.  If  decreasing,  it  is  assumed  off.  The  user  can  specify 
whether  the  curve  is  always  on  or  off  as  follows: 

Example:  STDPLT  3F(P01,  Q01 ) 

END 

STDPLT  3N(P01 , Q01 ) 


For  the  first  file  the  user  has  specified  that  the  Q01  vs  P01  curve 
is  for  01  off  (F).  For  the  next  file  the  user  has  specified  that  the 
Q01  vs  P01  curve  is  for  01  on  (N).  In  the  former  case  there  must  be  a 
sequence  of  decreasing  values  of  P01  recorded,  and  for  the  latter  case 
there  must  be  a sequence  of  increasing  values  of  P01  recorded.  However, 
for  both  cases,  increasing  and  decreasing  values  may  have  been  stored. 


7.4  Order  that  Curves  are  Saved 


The  standard  printout  parameters  (section  8)  are  listed  in  the  same 
order  as  the  standard  plot  curves  are  saved.  For  non-partial  plot  types 
1,  2,  3,  and  4,  the  curves  will  be  saved  in  the  order  that  the  PO  and  PC 
identifiers  are  listed  in  the  system's  internal  ID  and  variable  name  tables. 
For  non-partial  plot  type  5,  the  curves  are  saved  in  the  following  order: 


(a)  The  ID  and  variable  name  tables  are  scanned  for  the  first  PO 
whose  values  have  been  created  in  the  file.  The  list  is  again  scanned 
for  the  first  PC  with  an  index  that  is  even  if  PO  is  even,  or  odd  if 
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PO  is  odd.  If  the  PC  name  has  data  in  this  file,  the  curve  is  stored. 
This  process,  obtaining  the  on-going  (PO  (or  QO)  curves  goes  from  off 
to  on  at  PCSWON)  curves,  is  repeated  for  all  PC  and  PO. 


(b)  Process  (a)  is  repeated  where  the  PC  index  is  now  even  when  the 
PO  index  is  odd  and  odd  when  the  PO  index  is  even.  This  process  obtains 
the  off-going  (PO  (or  QO)  goes  from  on  to  off  at  PCSWON)  curves. 


Example:  Suppose  there  are  data  in  this  file  for  PCI,  PC2,  P01 , and 

P02.  The  curves  saved  by  STDPLT  5 are  (in  order):  P01  vs  PCI,  P02  vs 

PC2,  P01  vs  PC2  and  P02  vs  PCI . 


7.5  STDPLT  Command  Restrictions 


(a)  The  STDPLT  command  should  appear  only  once  in  a given  command 


(b)  The  STDPLT  command  should  be  reset  only  if  the  standard  plots 
are  to  be  output  in  that  file.  In  that  command  file  no  other  STDPLT 
command  should  appear,  and  no  new  data  should  be  read.  The  RESET  STDPLT 
command  outputs  the  curves  (and  standard  printout,  section  8)  and  then 
erases  all  information  about  the  plots.  The  user  can  then  begin  to  accu- 
mulate new  curves  in  the  next  command  file. 


(c)  The  STOP  command  will  cause  the  standard  plot  and  printout 
to  be  generated. 


(d)  In  standard  plot  types  4 and  5,  if  the  partial  plot  storing 
option  is  not  used,  the  system  will  generate  curves  for  the  PO  parameters 
only.  If  the  option  is  used  and  both  PO  and  QO  parameters  have  been 
specified,  the  plot  labeling  will  be  determined  by  the  first  parameter 
specified. 


(e)  For  standard  plot  types  2 and  3,  if  the  partial  plot  storing 
option  is  not  used,  all  PCi  identifiers  defined  at  the  time  a STDPLT  2 
is  used  must  be  complimented  by  a currently  defined  QCi  identifier  and 
vice  versa.  For  example,  if  PC2  is  currently  defined,  QC2  must  also  be 
defined,  and  if  QC3  is  defined,  PC3  must  be  defined.  Similarly,  for 
STDPLT  3,  all  POj's  currently  defined  must  be  complimented  by  QOj's,  old 
vice  versa. 


Standard  Printout 


This  option  appears  with  the  standard  plot  feature.  The  standard 
printout  and  plot  combine  to  form  the  second  page  of  the  Digital  Fluidic 
Component  Fact  Sheet  adopted  by  the  Government  Fluidics  Coordination 


Group  (GFCG).  The  system  requires  as  input  the  first  five  parameters 
( 1 - 3b  below)  and  uses  them  to  compute  the  remaining  eight  parameters 
based  on  the  curves  generated  from  the  standard  plot.  These  11  parameters 
are  printed  in  the  format  shown  below: 


STANDARD 

PRINTOUT  ' 

1 . 

NOZZLE  WIDTH  - 

7. 

PRESSURE  RECOVERY  = 

2. 

ASPECT  RATIO  = 

8. 

FLOW  GAIN  = 

3a . 

SUPPLY  PRESSURE  (RANGE)  - 

9. 

POWER  GAIN  = 

TO  = 

10. 

PRESSURE  GAIN  = 

3b. 

PS  TYPICAL  - 

11. 

HYSTERESIS  = 

4. 

POWER  CONSUMPTION  (WATTS)  = 

5. 

FANOUT  = 

6. 

FLOW  RECOVERY  = 

The  output  values  are  printed  in  F format,  allowing  for  values  that 
fall  between  10"D  and  l(r  with  up  to  8 significant  digits  printed  out. 

The  first  five  parameters  appear  on  the  standard  print  command: 

STDPRT  x-j , X£,  Xg,  x^,  x5 

where  the  x^  , are  the  values  of  l-3b. 

In  addition  to  the  standard  printout  parameters,  there  are  many 
other  parameters  printed  out  under  the  title  "SYSTEM  VARIABLES." 

Except  for  the  case  of  Power  Consumption  (section  8.1),  the  computation 
of  the  parameters  for  the  standard  printout  does  not  take  data  dimensions 
into  consideration.  Therefore,  care  must  be  taken  to  use  compatible  dimen- 
sion types  for  the  data. 

The  following  sections  describe  the  computation  of  the  parameters. 

The  notation  y = y [f^(x)J  means  that  y is  a function  of  x taken 

from  standard  plot  i.  As  an  example,  QS  = QS  [f-j  (PSTYPICAL)]  indicates 

that  QS  is  a function  of  PS  taken  from  plot  1.  Whenever  a STDPLT  command 
is  executed,  the  appropriate  identifier  data  are  stored  in  a function 
table.  Whenever  the  x value  does  not  appear  as  a domain  (independent)  value 
in  the  function  table,  linear  interpolation  will  be  used  to  obtain  the 
range  (dependent)  value.  For  example,  in  the  above  illustration,  if 
the  exact  value  of  PS  = PSTYPICAL  is  not  recorded  and  hence  is  not  in 
the  function  table,  then  the  correct  value  of  QS  is  found  by  means  of 
linear  interpolation.  If  a value  is  outside  the  domain  limits,  a range 
20 

value  of  10  is  used.  This  results  in  the  appearance  of  asterisks  in 
the  standard  printout. 
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Since  most  of  the  curves  have  hysteresis  loops,  one  additional  index 
is  applied  to  the  function  form  to  describe  which  function  value  is  to  be 
selected  if  there  is  more  than  one  y for  a given  x. 


where 


y = y Cf^x)]' 


n = 0 
n = 1 
n = 2 

n = 3 


choose  maximum  dependent  value 
choose  minimum  dependent  value 
choose  dependent  value  for  increasing  independent 

value  (i  .e. , x . :>  x , , ) 

J 0 * 

choose  decreasing  hysteresis  value  (i.e., 

- 1) 


When  the  index  does  not  appear  on  the  function,  its  value  is  assumed  to 
be  zero. 


8 . 1 Power  Consumption 
POWER  CONSUMPTION  = 


PS  TYPICAL  (PA)* 


1.0132  x 10°  *QS[f 1 (PS  TYPICAL)]  (CMPS) 
1 .0132  x 105  + PS  TYPICAL  (PA) 


(8.1) 


This  assumes  that  PS  is  gauge  pressure  referred  to  standard  atmosphere 
and  QS  is  standard  volume  flow.  Also,  the  value  of  QS  is  averaged  if  more 
than  one  type  1 standard  plot  was  stored. 

The  power  is  in  watts  and  assumes  the  dimension  pascals  (PA)  for 
pressure  and  cubic  meters  per  second  (CMPS)  for  flow.  If  either  quantity 
has  another  dimension  and  the  user  specifies  the  corresponding  dimension 
type  listed  in  table  8.1  on  the  appropriate  ID  or  VAR  command,  a conversion 
factor  is  applied  to  assure  that  power  is  in  watts.  If  the  dimension 
type  is  not  one  of  those  listed  below,  no  conversion  factor  is  applied. 


PRESSURE 


Dimensi on 


Conversion 

Factor 


Dimension 


Conversion 

Factor 


(1) 

PA 

1 . 

CMPs 

1 . 

(pascal ) 

m3/sec 

(2) 

BAR 

10"5 

CCPS 

10"6 

(bar) 

3/ 

cm  /sec 

(3) 

KPA 

10'3 

LPS 

10"3 

(ki lopascal ) 

1/sec 

(4) 

MILBAR 

10"2 

LPM 

1 .6667 

X 

10~5 

(millibar) 

1/min 

(5) 

PSI 

1.4504  x 10"4 

CFS 

2.8317 

X 

10"2 

(pounds  per 

square  inch) 

ft3/sec 

(6) 

INH20 

4.0186  x 10"3 

CFM 

4.7195 

X 

ID'4 

(inches  of  water) 

ft3/min 

(7) 

INHG 

2.9614  x 10~4 

GPM 

6.3090 

X 

10"5 

(inches  of  mercury) 

gal/min 

(8) 

MMHG 

7.5008  x 10‘3 

GPS 

3.7854 

X 

10"3 

(mi  1 li meters 

of  mercury) 

gal/sec 

Table  8.1  Conversion  Factors  for  Computation  of  Power  Consumption. 
8.2  Logic  Device  Control  Switch  Pressure 

In  order  to  compute  such  parameters  as  fanout  and  gain,  the  control 
switch  points  of  the  logic  device  must  be  computed.  Figure  3,  showing 
quasi-static  input-output  transfer  characteristics  (type  5 curves), 
illustrates  the  values  of  many  of  the  parameters  associated  with  the  con- 
trol switch  points  that  are  printed  out  on  the  standard  data  sheet.  The 
mathematical  definitions  of  the  parameters  are  given  in  the  order  they 
appear  on  the  standard  printout  sheet  in  table  8.2.  It  is  important  to 
note  that  the  parameters  GAI NON , POONLIM  (20),  P00NLIM  (33),  P00FFLIM  (20) 

Q0  Q0  Q0 

each  have  two  definitions.  The  proper  choice,  indicated  in  table  8.2,  de- 
pends upon  whether  the  type  5 curve  is  ongoing  [P0  (or  Q0)  goes  from  OFF 
to  ON  at  PCSWON]  or  off-going  [P0  (or  Q0)  goes  from  ON  to  OFF  at  PCSWON]. 
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Figure  3(a).  Example  of  ON-GOING  type  5 Characteristic  Curve. 


PO 
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There  are  also  a number  of  parameters  listed  in  table  8.2  that  can 
be  either  output  pressure  or  output  flow  functions  of  the  indicated 
parameters.  For  example,  MAXPO  (PC- 1)  is  either  the  maximum  output 

QO 

pressure  or  maximum  output  flow  for  all  values  of  PC  increasing  in  a 


type  5 curve.  Maximum  pressure  is  chosen  if  the  curve  is  for  PO^  vs 


PC  , and  maximum  flow  is  chosen  if  Q0n  vs 


PCm  is  specified  by  the  user 


in  the  STDPLT  command.  As  for  all  such  pressure  or  flow  parameters, 
both  definitions  are  listed  in  table  8.2. 


For  the  ongoing  case,  the  value  of  PC  at  which  the  device  switches 
from  the  OFF  to  the  ON  state  (PCSWON)  is  defined  as  that  value  at  which 
the  gain  (GAINON)  is  maximized,  subject  to  two  conditions  (table  8.2). 

The  first  condition  is  that  PO  [fr  (PCSWON)]3  _ POONLIM  (33).  This 

QO  D QO 

insures  that  a significant  change  in  output  level  occurs  by  the  time 


PC  = PCSWON  is  reached.  The  other  condition  is  that  PO  [f^fPC  PCSWON )]  • 

QO 

POONLIM  (20).  This  guarantees  that  the  output  level  change 
QO 

is  not  just  a transient  phenomenon  and  that  the  unit  does  not  switch  off 
at  some  higher  value  of  PC. 


The  value  of  PC  at  which  the  device  switches  from  the  ON  to  the  OFF 
state  (PCSWOFF)  has  a definition  similar  to  PCSWON.  In  this  case,  the 
value  of  GAINOFF  is  maximized,  subject  to  one  condition  (table  8.2). 

PO  [f,  (PCL  PCSWOFF)]3  _ POOFFL I M ( 20 ) insures  that  the  device  has  a 
QO  3 00 

significant  change  in  output  level  and  that  that  change  is  not  just  a transient 
phenomenon. 


For  the  offgoing  case,  there  is  a change  in  both  the  definition  of 
GAINON  and  the  conditions  to  which  it  and  GAINOFF  are  subject.  This  is 
shown  in  table  8.2. 


The  parameters  illustrated  in  figure  3 are  computed  for  each  of  the 
curves  in  plot  type  5.  The  parameter  values  appear  in  the  standard  printout 
in  the  order  that  the  curves  have  been  stored  in  the  system  (section  7.4). 
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The  other  parameter  required  to  calculate  fanout  is  Q0SW0Nmtn.  This 
is  computed  as  follows:  M1IN 


When  the  user  specifies  QO  as  the  parameter  for  a type  5 standard  curve, 
all  references  to  PO  in  the  above  equations  must  be  thought  of  as  references 
to  QO. 

8.3  Logic  Device  Fanout  Parameters 


Logic  device  fanout  can  be  thought  of  as  a measure,  under  worst  case 
conditions,  of  how  many  downstream  elements  can  be  switched  to  an  on 
state  by  a single  upstream  element  that  has  an  output  port  connected  to 
the  controls  of  those  downstream  elements.  Worst  case  implies  that  the 
port  with  the  least  output  flow  available  is  used  to  drive  the  control 
ports  requiring  the  highest  amount  of  flow  to  switch.  Mathematically, 
the  fanout  is  the  integer  value  of  the  ratio  of  output  flow  available 
over  control  flow  required  for  switch. 


Fanout  = int  [ ( Q0SW0NMI N )/ ( QCSWONMAXMAX ) ] 

< A separate  value  for  QCSWONMAX  is  computed  for  each  type  2 curve  (QC..  vs  PC^ ). 

These  values  are  listed  in  the  standard  printout.  The  value  is  based 
on  the  maximum  PCSWON  that  uses  the  same  index;  e.g.,  given  PC3,  QC3, 

P01 , and  P02  data  from  a file  used  in  the  standard  plot  in  the  form 

STDPLT  2 (PC3,  QC3) , 5(PC3,P01 ,P02) . 


The  QCSWONMAX  value  of  QC3,  computed  from  the  type  2 curve,  is  based  on 
the  larger  of  the  two  PCSWON  values  computed  from  the  type  5 curves  (one 
from  PC3  vs  P01 , the  other  from  PC3  vs  P02)  from  that  data  file.  (Since 
for  the  GFCG  fact  sheet,  all  standard  plot  data  are  obtained  from  a single 
element,  a self-staged  fanout  will  be  calculated.  If  a fanout  calculation 
for  the  interaction  between  dissimilar  elements  were  desired,  the  type  3 
curve  data  should  be  from  the  driving  element,  with  the  downstream  elements 
supplying  the  type  2 and  5 curve  data.) 

QCSWONMAX  = QCi  [f2  (PCSWON^)]0 


where  the  values  of  both  QC ^ and  PCSWON^ are  taken  from  the  same  type 
2 curve. 


The  largest  of  all  these  values  (QCSWONMAX^)  is  used  in  calculating 
the  fanout. 


where  n = 1 if  the  user  specifies  that  PO  is  on; 

n = 2 if  the  user  does  not  specify  PO  as  on  or  off. 

Note:  No  value  is  computed  if  PO  is  specified  as  off. 

A separate  value  of  QOSWON  is  listed  for  each  type  3 ON  curve 
(QO^  vs  POj)  in  the  standard  printout.  Its  value  is  based  on  the  largest 

PCSWON  value  computed  from  all  type  5 curves.  The  minimum  value  of  QOSWON 
computed  in  this  manner  is  used  in  the  calculation  of  fanout. 

Figure  4 illustrates  the  nonrepeatability  of  the  type  5 charac- 
teristic curves  for  pressure  sweeps  at  several  control  ports  of  an  element. 
As  has  been  stated,  worst-case  fanout  considers  this  nonrepeatability 
by  considering  the  maximum  value  of  PCSWON.  Other  useful  parameters  are 
described  below. 


Figure  4.  Example  of  Nonrepeatabi 1 i ty  of  type  5 Characteristic  Curves. 


In  addition  to  knowing  how  many  downstream  elements  can  be  switched 
to  the  on  state  when  an  upstream  element  is  switched  on,  a digital  circuit 
designer  is  also  interested  in  knowing  what  effect  an  upstream  element  in 
the  off  state  has  on  downstream  elements. 


At  the  bottom  of  the  standard  printout,  in  addition  to  the  non- 
integer value  of  fanout,  parameters,  titled  OR/NOR,  FLIP  FLOP(OFF),  and 
FLIP  FLOP (ON ) , which  are  related  to  the  mode  in  which  the  element  functions, 
are  listed.  Values  of  these  parameters  are  listed  for  each  possible  fanout, 
up  to  and  including  the  element's  calculated  maximum  integer  value.  Listed 
below  this,  a specification  of  the  range  of  fanouts  over  which  the  element 
functions  in  each  of  these  three  modes  (described  below)  is  given. 

These  parameters  are  defined  such  that  improper  element  function  in 
the  related  mode  is  approached  as  the  parameter  value  approaches  one.  A 
circuit  designer  can  use  these  parameter  values  to  gain  some  feel  for 
how  close  to  failure  his  circuit  comes  when  an  element  operates  at  the 
indicated  fanout  levels;  i.e.,  how  close  the  parameter  value  is  to  unity. 

An  OR/NOR  element  must  operate  in  the  OR/ NOR  mode.  For  an  element 
to  function  properly  in  the  OR/NOR  mode,  an  upstream  off  output  must  be 
at  a low  enough  level  to  insure  that  any  downstream  element(s)  to  whose 
control  port(s)  it  is  connected  will  switch  to  or  remain  in  an  OFF  state 
under  worst  case  conditions.  Worst  case  here  implies  that  the  highest 
level  off  output  flow  drives  the  control  port(s)  requiring  the  lowest 
control  flow  to  switch  off.  To  insure  that  the  element  acts  in  the  OR/ 

NOR  mode,  then 

(Q0SWF1 )MAX 

£ < (C)CSWOFFMIN)min< 

Q0SWF1  is  the  highest  flow  level  of  an  off  output  at  PO  = PCSWOFF^. 

This  parameter  has  a value  calculated  and  listed  for  each  type  3 off 
curve.  QCSWOFFMIN  is  the  lowest  flow  level  into  a control  port  that 
insures  the  switch  of  an  element  to  the  off  state.  It  has  a value  listed 
in  the  standard  printout  for  each  type  2 curve.  The  K is  the  integer  value 
of  fanout  for  which  the  OR/NOR  parameter  has  been  calculated. 

The  parameter  value  listed  for  the  OR/NOR  mode  is  given  by 

WswfOhax 

K(QCSWOFFMIN)hin 

The  value  of  this  ratio  for  proper  OR/NOR  function  is  less  than  one  if 
QCSWOFFMIN^  is  positive  and  greater  than  one  if  it  is  negative. 

A flip  flop  must  operate  in  both  the  FLIP  FLOP(OFF)  and  FLIP  FLOP(ON) 
modes.  The  FLIP  FLOP(OFF)  mode  of  operation  means  that  an  upstream 
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off  output  must  be  at  a high  enough  level  to  insure  that  any  downstream 
element(s)  to  whose  control  port(s)  it  is  connected  will  remain  in  an  on 
state  (if  initially  on)  when  the  upstream  output  is  turned  off  under  worst- 
case  conditions;  i.e.,  when  the  lowest  level  off  output  flow  drives  the 
control  port(s)  allowing  the  highest  flow  when  they  switch  off. 

If  the  element  acts  in  the  FLIP  FLOP(OFF)  mode,  then 


(Q0swf2)fin 

K 


' (QCSWOFFMAX)max. 


Q0SWF2  is  the  lowest  flow  level  of  an  off  output  at  PO  = PCSWOFF^’ 

calculated  from  the  type  3 curve.  QCSWOFFMAX  is  the  highest  flow  level 
into  a control  port  which  still  allows  an  element  to  switch  to  the  off 
state  and  is  calculated  using  the  type  2 curve.  Again,  K is  the  associated 
fanout. 


The  parameter  value  listed  is  given  by 


(Q0SWF2) 


MIN 


K(QCSWOFFMAX) 


MAX 


For  proper  FLIP  FLOP(OFF)  function,  the  value  of  this  ratio  should  be  greater 
than  one  if  QCSWOFFMAX^  is  positive  and  less  than  one  if  it  is  negative. 


The  FLIP  FLOP(ON)  m:de  refers  to  an  upstream  off  output  that  is  at 
a level  low  enough  to  insure  that,  for  worst  case  conditions,  any  downstream 
element(s)  to  whose  control  port(s)  it  is  connected  will  not  be  switched 
to  an  on  state.  Worst  case  means  that  the  highest  level  off  output  flow 
drives  the  control  port(s)  requiring  the  lowest  flow  to  switch  on.  This 
is  given  by 


( QOSWF  3 ) MAX 
K 


<(QCSWONMIN)MIN. 


QOSWF 3 

fanout 
to  the 


is  the  highest  off  output  flow  level  at  PO  = PCSWON^,  K 
and  QCSWONMIN  is  the  lowest  control  flow  needed  to  switch 


on  state. 


is 

an 


the 

el ement 
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The  parameter  value  is  given  by 


(qoswf3)max 

K(qCswohMiN)M[N 

and  must  be  less  t.ian  one  for  (QCSWQNMIN)^  positive  and  greater  than 
one  when  it  is  negative. 

Some  obvious  relationships  can  be  seen  among  the  three  parameters 
defined  above.  If,  for  a given  fanout,  an  element  functions  in  the  OR/NOR 
mode,  it  must  also  function  in  the  FLIP  FLOP(ON)  mode.  However,  an  element 
that  functions  in  the  FLIP  FLOP(ON)  mode  does  not  necessarily  function  in 
the  OR/NOR  mode. 

The  OR/NOR  and  FLIP  FLOP(OFF)  modes  are  mutually  exclusive  at  any 
given  fanout.  However,  while  an  element  cannot  function  as  both  OR/NOR 
and  FLIP  FLOP(OFF)  at  a given  fanout,  it  may  not  function  as  either. 

8.4  Flow  Recovery 

Flow  Recovery  = Q0(P0=0)0N/QS 

where  QS  is  obtained  in  one  of  five  ways: 

(a)  If  QS  was  recorded  in  the  same  file  as  the  type  3 curve 
(QO^vs  P0.j ) , and  the  number  of  values  saved  was  no  greater  than  the 

internal  memory  storage  capability  assigned  to  QS  by  the  system  (section 
2.1.1(c),  then  the  mean  value  of  QS  is  used. 

(b)  If  QS  was  recorded  in  the  same  file  as  the  type  3 curve  but  the 
number  of  values  saved  was  greater  than  the  internal  memory  storage  capa- 
bility, then  the  first  value  of  QS  is  used. 

(c)  If  PS  was  recorded  in  the  same  file  as  the  type  3 curve,  but  QS  was 
not,  and  the  number  of  PS  values  saved  does  not  exceed  the  internal  memory 
storage  capability  (as  above),  then  the  mean  value  of  PS  is  used  to  obtain 

QS  = QS[f,  (PS  )]°. 

M L 1 v mean'-1 

(d)  If  PS  was  recorded  but  QS  was  not  and  the  number  of  PS  values 
saved  exceeds  internal  memory  capability,  then  the  first  value  of  PS  is 

used  to  obtain:  QS  - QS^  ( ps Ini  ti al ) J°* 


(e)  If  neither  QS  nor  PS  were  recorded,  then  QS  = QS  TYPICAL  = 
QS L f-|  (PS  TYPICAL)]0  is  used. 

The  values  of  Q0(P0=0)0N  appear  in  the  standard  printout  for  each 
type  3 on  curve.  Note  that  if  PO#),  tne  minimum  PO  value  is  used  to 
obtain  this  value  of  QO. 

8 . 5 Pressure  P.eco very 


Pressure  Recovery  = POMAX/PS 

where  POMAX  = PO  [f_  (QO  •••  0)]°,  and  where  PS  is  defined  in  one  of  three 

ON 

ways . 

(a)  The  mean  value  of  PS,  if  it  were  recorded  in  the  same  file  as  the 
type  3 curve  and  if  the  number  of  values  saved  does  not  exceed  internal 
memory  storage  capability  (section  2.1.1,  c). 

(b)  The  initial  value  of  PS,  if  it  were  recorded  in  the  same  file  as 
the  type  3 curve  and  if  the  number  of  values  saved  exceeds  internal  memory 
storage  capability 

(c)  PS  TYPICAL,  if  PS  were  not  recorded. 

Values  of  POMAX  and  PS  are  listed  on  the  standard  printout  for  each 
type  3 on  curve. 

8.6  Flow  Gain 

Flow  Gain  = [ ( QOSWON-AVG ) - ( QOOFF-AVG ) ]/ [ ( QCS W-AVG ) - (QC(PC=0)AVG)] 

when  PO  is  the  dependent  parameter  of  a type  5 curve.  When  QO  is  the  depen- 
dent parameter  specified  for  curve  5,  flow  gain  is  given  by 

Flow  Gain  = [QO(PCSWON-I)  - QQ(PC=0)0N]7[(]CSW-AVG)-  (QC(PC=0)AVG)] . 

The  four  parameters  used  to  calculate  flow  gain  in  the  first  equation 
are  single-valued  and  are  listed  toward  the  bottom  of  the  standard  printout. 
Values  for  QO(PCSWON-I)  and  Q0(PC=Q)0N  are  listed  in  the  standard  printout 
for  each  type  5 curve. 

Note  that  if  PO^O  or  PC  / 0,  the  minimum  values  of  PO  and  PC  are 
used  to  obtain  Q0(P0=0)0FF  and  QC(PC=0)  (used  to  compute  the  values  of 
QOOFF-AVG  and  QC(PC=0)AVG,  see  table  8.2),  respectively. 

If  both  PO  and  QO  are  specified  as  the  dependent  parameter  of  type  5 
( PC-j  vs  QO-j  or  POj)  curves,  the  value  of  flow  gain  is  a weighted  average  of  the 

two  equations. 
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8.7  Power  Gain 

Power  Gain  = [(QOPOON-AVG)-(QOPOOFF-AVG)]/[(QCSW-AVG) (PCSWON-AVG)] 

The  four  parameters  on  the  R.H.S.  of  the  above  equation  are  the 
average  values  of  other  parameters  listed  on  the  standard  printout 
(see  table  8.2). 

8.8  Pressure  Gain 

When  PO  is  the  dependent  parameter  for  the  type  5 curve  (PC.,  vs 
POj),  pressure  gain  is  defined  as 

Pressure  Gain  = | L PO  ( PCS  WON  -I ) - PO  ( P C= O')  ON  J /'( PCSWON  - A'VG ) f . 

When  QO  is  the  dependent  parameter  specified  for  the  type  5 curve, 

(PC.  vs  QO.)  pressure  gain  is  given  by 
T J 


Pressure  Gain  = [POSWON  - POFj/ (PCSWON-AVG) . 

8.9  Hysteresis 

Hysteresis  = PCSWON^  - PCSWOFF^ 

The  parameters  on  the  R.H.S.  of  the  above  equation  are  define!  in 
table  8.2  and  illustrated  in  figure  4. 

9.  Running  the  FLUID  Program 

This  section  describes  the  control  cards  needed  to  run  a FLUID 
program  on  the  HDL  7094  computer. 

Column  Number 

1 1 

6 


$J0B 

$PAUSE 

$EXECUTE 

$FLUID 

$DATA 


MOUNT  TAPE  FLUID  (96)  ON  A5 
USER 


[command  program  deck] 
[data  cards  i F any] 
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$E0F 
$ I BSYS 
$REM0VE 

SYSCK1 

$* 

NEXT  3 

CARDS 

INCLUDED 

IF 

PUNCHING  WAS  REQUESTED 

$ATTACH 

B7 

$AS 

SYSUT6 

$REM0VE 

SYSUT6 

$* 

NEXT  3 

CARDS 

INCLUDED 

IF 

UNIT  10  WAS  USED 

SATTACH 

B6 

$AS 

SYSUT7 

SREMOVE 

SYSUT7 

$* 

NEXT  3 

CARDS 

INCLUDED 

IF 

UNIT  9 WAS  USED 

$ATTACH 

A6 

$AS 

SYSUT8 

SREMOVE 

SYS UTS 

$* 

NEXT  CARD  INCLUDED  IF 

TAPE  INPUT  OPTION  WAS  USED 

SREMOVE 

SRESTORE 

SEOF 

SYSCK2 

A modified  version  of  the  control  cards  is  given  in  Appendix  B if 
the  FLUID  tape  is  not  under  the  USER  SYSTEM. 

The  user  should  remember  that  logical  unit  10  is  used  whenever  there 
is  a normal  RETAPE  command.  However,  unit  10  may  also  be  used  on  a 
TAPEWT(IO)  command.  Also,  logical  unit  9 is  used  whenever  there  is  a 
normal  TAPEWT  command.  However,  unit  9 may  also  be  on  a RETAPE  (9)  command. 

9.1  HDL  Computer  Job  Slip  Preparation 

In  addition  to  the  normal  information  needed  for  the  job  slip,  the 
following  should  be  included  when  appropriate: 

(a)  Circle  tape  drive  A5  for  input  and  include  the  name  FLUID  along 
with  its  tape  number  96. 

(b)  If  PUNCH  was  used  (or  the  punch  feature  on  PLOT),  circle  drive  B7 
as  output  and  indicate  "punch  tape"  under  tape  title.  Under  the  punch 
section,  write  B7  and  indicate  the  number  of  cards  to  be  punched  in  the 
CARDS/FILE  slot.  Give  the  number  of  files  as  1 and  the  type  as  BCD.  If  it 
is  desirable  to  be  able  to  visually  read  the  cards,  indicate  in  the  special 
instruction  block  that  the  cards  should  be  interpreted. 

(c)  If  logical  unit  10  was  used  with  a normal  RETAPE  option, 

TAPEWT (10)  or  the  TAPC(10)  feature  on  PLOT,  circle  drive  B6  as  input  (for 
RETAPE)  or  output  (for  TAPEWT  or  TAPE)  or  both.  Indicate  a tape  serial 
number  and  title  if  the  tape  was  previously  saved  or  is  to  be  newly  created 
and  saved.  If  no  information  is  to  be  permanently  saved,  just  use  some 
title  such  as  "scratch  tape." 


If  tht  tape  is  to  be  created,  include  a tape  label  card  (Form  921) 
that  will  reserve  a tape  for  the  user  under  the  proposed  title  and  will  also 
assign  a serial  number  for  future  use. 

(d)  If  logical  unit  9 was  used  with  a RETAPE(9)  option,  a normal 
TAPEWT  or  the  TAPE(9)  feature  on  PLOT,  circle  drive  A6  and  include  infor- 
mation as  indicated  by  (c)  above. 


(e)  If  TAPE  was  used, 
serial  number  and  title. 


circle  drive  B5  as  input  and  indicate  tape 


(f)  If  either  PLOT  or  STDPLT  was  used,  circle  B9  as  output  and  indi- 
cate plot  tape  under  tape  title.  If  desirable,  indicate  12"  paper  for  plot 
in  special  instruction  block. 

(g)  If  SPILL  feature  is  used  (section  5.7.1),  indicate  in  special 
instruction  block  the  serial  numbers  of  the  back-up  tapes. 

(h)  If  MOUNT  feature  is  used  (section  5.7.1),  indicate  in  special 
instruction  block  the  serial  numbers  of  any  tapes  that  are  not  to  be  mounted 
initially. 

9.2  System  Requirements 

The  program  is  too  large  to  fit  into  the  computer  memory  without  use 
of  the  DISK/ I BSYS  overlay  feature.  The  program  requires  the  standard  I/O 
tape  drives,  logical  units  5 and  6.  In  addition,  six  other  tape  drives  may 
be  used. 


(a)  A5  - FLUIO  program  resides  on  tape  (SYSCK1  - logical  13). 

(b)  B^  - BoD  input  tape  for  TAPE  option  (SYSCK2  - logical  14). 

(c)  A6  - Binary  I/O  tape  for  TAPEWT  (or  RETAPE)  option  (logical 

(d)  B6  - Binary  I/O  tape  for  RETAPE  (or  TAPEWT)  option  (logical 

(e)  B7  - BCD  output  tape  for  PUNCH  option  (logical  12). 

(f)  B9  - Output  tape  for  plotting  (SYSUT9). 


9) . 

10) 


The  system  also  makes  use  of  a 1301-2  disk,  using  the  first  6400 
tracks  (466  words/track)  of  MODULE  0(ED00/0).  The  plotting  is  done  on  a 
Calcomp  663/760  30"  drum  plotter,  where  the  Calcomp  plot  routines  are  in 
the  system  program  library. 

9.3  Error  Messages 

The  following  is  a list  of  error  messages  (along  with  brief  explana- 
tions) that  are  generated  by  the  system  when  an  error  occurs.  If  any 
error  has  occurred,  the  system  will  stop  after  scanning  all  the  commands 
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(1)  ERROR  IN  INPUT  CARD 

This  message  results  if  there  is  an  error  interpreting  an  input 
card,  and  appears  after  the  card  is  read.  Other  input  cards  will  be  checked 
for  errors  also;  however,  subsequent  errors  could  result  from  earlier 
card  error.  Program  will  be  stopped  after  reading  input  card  list. 

(2)  TOO  MANY  CHANNEL  POINTS  TO  STORE 

Variable  or  channel  ID  values  require  more  than  24  tracks  for  temporary 
storage.  Choose  larger  DELTX  value. 

(3)  TOO  MANY  POINTS  TO  CALIBRATE  FOR  CHANNEL  ID 

In  the  calibration  file,  data  must  be  small  enough  so  that  disk  storage 
is  not  required  (see  section  1.1(c)). 

(4)  UNDEFINED  NAME  ON  VARIABLE  CARD  name 

A name  that  has  not  been  previously  defined  has  been  used  in  a 
variable  expression. 


(5)  BAD  POINT  AT  SCAN 


scan  number  = 16  character  channel  recording 


If  the  CHINP  TAPE  option  is  used,  this  message  appears  for  each  bad 
(or  unreadable)  channel  recording.  (This  message  does  not  stop  the 
program) . 

(6)  RUN  STOPPED  BECAUSE  OF  EXCESSIVE  BAD  CHANNEL  VALUES 

If  the  CHINP  TAPE  option  is  used,  this  message  appears  when  the  number 
of  bad  channel  recordings  (see  error  5)  exceeds  a specified  limit  (see 
section  5.1 (c)). 

(7)  NO  CHANNEL  NAMES  FOR  STANDARD  PLOT 

One  of  the  channel  ID  or  variable  names  that  should  be  on  the 
standard  plot  was  never  defined  or  has  no  values. 

(8)  UNEQUAL  NUMBER  OF  P'S  and  Q'S 

The  indices  of  PC  and  QC  or  of  PO  and  QO  ID's  do  not  match  in 
standard  curve  types  2 or  3 (see  section  7.5  (e)). 

(9)  PROGRAM  STOP  FROM  EXCESS  TAPE  OUTPUT 

There  is  no  more  room  for  output  on  the  TAPEWT  unit.  Use  the  SPILL 
feature,  if  desirable  (see  section  5.7.1  (b)). 


7.-.-S17  HfSWp- 


'<?<*  'VJTV 


(10)  NO  POINTS  TO  CALIBRATE  FOR  CHANNEL  ID  name 

CHINP  TAPE  option  was  used,  and  a calibration  file  contained  less 
than  three  independent  points.  Unreadable  values  are  not  counted.  This 
message  stops  program  execution  (see  section  2.1.4  (b)). 

(11)  ID  TABLE  EXCEEDS  20 

There  are  more  than  20  ID's  defined  at  one  time. 

(12)  CONSTANT  TABLE  EXCEEDS  60 

There  are  more  than  60  constants  defined  at  one  time. 

' (13)'  VAR  TABLE  EXCEEDS  30. 

There  are  more  than  30  variables  defined  at  one  time. 

(14)  SCAN  TABLE  EXCEEDS  50. 

More  than  50  manual  entry  numbers  are  listed  on  SCAN  statements. 

(15)  PLOT  TABLE  EXCEEDS  20. 

More  than  20  plots  are  defined  at  one  time. 

(16)  LIST  OF  SKIPPED  FILES  EXCEEDED. 

SKPFLE  statements  contain  a list  of  more  than  20  files  to  be  skipped. 
10.  Examples  of  Fluid  Program 

This  section  illustrates  the  use  of  a few  of  the  major  features  avail- 
able in  FLUID.  In  these  examples,  the  type  and  format  of  data  to  be  handled 
by  the  program,  the  required  output  from  the  program  command  state- 
ments that  generate  that  output,  and  finally,  some  of  the  output  are  listed. 

10.1  Generation  of  GFCG  Digital  Fluidic  Component  Fact  Sheet  from 
Fortran  Data 

In  this  example,  data  has  been  gathered  on  a number  of  identical  OR/NOR 
elements.  The  testing  consisted  of  varying  the  pressure  level  at  various 
ports  under  the  following  conditions: 
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1 

(a) 

Sweep  PS  v 

Next 

si  x 

tests  done 

I 

(b) 

Sweep  PCI 

1 ■ 

(c) 

Sweep  PC7 

|j 

(d) 

Sweep  P02 

V 

(e) 

Sweep  P01 

1 Next 

two 

tests  done 

1 

wi  ■ 

y 

(f) 

Sweep  P02 

i 

(g) 

Sweep  P01 

Next 

si  x 

tests  done 

:V 

(h) 

Sweep  PCI 

t 

(1) 

Sweep  PC  7 

1 

(j) 

Sweep  P02 

!' 

(k) 

Sweep  P01 

I Next 

two 

tests  done 

1 

l 

(1) 

Sweep  P02 

1 

(m) 

Sweep  P01 

1 


The  above  series  of  tests  provide  both  open  and  closed  port  charac- 
teristic data  on  a single  OR/NOR  element  with  four  controls  (Cl,  C3,  C5, 
C7)  and  two  outputs  (01,  02).  To  reduce  testing  and  data  reduction  time, 
the  pressure  is  swept  only  at  control  ports  Cl  and  C7.  The  two  output 
ports  are  swept  while  both  ON  and  OFF.  There  are  a total  of  13  pressure 
sweeps  at  the  various  ports  of  each  element. 


The  output  required  from  these  data  consists  primarily  of  the 
parameter  values  and  curves  used  with  the  GFCG  Digital  Fluidic  Component 
Fact  Sheet.  Also,  the  processed  data  are  to  be  stored  in  their  reduced 
form  on  a magnetic  tape  for  possible  use  at  a later  time.  The  program 
also  provides  a system  identifier  table  for  each  command  file. 


The  input  data  are  in  fortran  format  on  a magnetic  tape.  A total  of 
five  elements  were  tested.  The  list  of  command  statements  required  to 
reduce  these  data  and  provide  the  above  output  is  shown  in  figure  5. 


There  are  four  title  statements  used  at  all  times.  Title  1 states 
which  element  is  being  tested,  where  the  data  came  from,  the  environmental 
test  conditions,  and  on  what  date  the  tests  were  conducted.  Title  2 specifies 
the  test  element's  load  condition.  Title  3 indicates  the  type  of  test 
performed.  Title  4 lists  program  input  and  output  tapes  used. 


Other  points  of  interest  are  that  the  data  have  already  been  calibrated, 
although  the  flow  parameters  are  converted  from  standard  liters  per  second 
to  standard  cubic  centimeters  per  second.  The  use  of  the  DIFDEL  statement 
is  illustrated  with  PCI  (see  figure  5,  command  statements  6 and  20). 


Figure  b.  List  of  command  Statements  fur  First  Example 
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Figure  C.  (con 


Two  sets  of  standard  plots  and  printout  sheets  are  desired  for  each 
element  (one  for  open,  one  for  closed  port  load  conditions).  Since  PS 
is  swept  only  once,  it  is  necessary  to  use  this  same  curve  twice  in  order 
to  make  the  second  set  of  standard  plots  complete.  This  is  accomplished 
by  use  of  a "scratch  tape"  on  computer  drive  10  (see  section  4.4  (b)).  The 
appropriate  command  statements  are  listed  in  figure  5 as  numbers  30  and 
36  through  43. 

Samples  of  the  program  output  are  shown  in  figures  6 through  8.  Figure 
6 shows  a typical  System  Identifier  Table.  The  standard  printout  sheet 
for  open  port  characteristics  is  shown  in  figure  7.  The  correspondi ng  set 
of  standard  plots  is  in  figure  8. 

10.2  Use  of  Standard  Tape  Input 

This  example  illustrates  the  use  of  calibration  data  that  are  recorded 
on  a standard  tape.  Files  one,  two,  and  three  contain  these  data.  Files 
four  and  six  contain  element  performance  data. 

The  first  seven  ID's  represent  the  output  of  pressure  transducers 
that  directly  measure  the  pressure  at  the  power,  control,  and  output  ports 
of  the  flip  flop  being  tested.  The  next  seven  ID's  represent  the  output 
of  pressure  transducers  that  measure  the  pressure  drop  acro,:>  the  ports 
of  flow  meters  that  are  connected  to  the  various  ports  of  the  flip  flop. 

The  relationship  between  this  pressure  drop  and  volume  flow  in  liters 
per  minute  is  evpressed  by  the  first  seven  VAR  commands.  The  next  seven 
VAR  commands  convert  volume  flow  in  liters  per  minute  to  standard  volume 
flow  in  liters  per  second. 

The  output  from  the  program  is  in  the  form  of  plots.  Title  commands  are 
used  to  label  the  plots.  Use  of  the  common  scale  feature  is  illustrated  in 
the  first  plot  command. 

Figure  9 shows  the  command  statements  used  in  this  program.  Figures 
10  and  11  show  the  two  plots  based  on  data  from  files  four  and  six,  re- 
spectively. 

10.3  Generation  of  Graph  from  Standard  Tape  Input 

This  example  illustrates  the  method  used  to  generate  a family  of  curves 
from  a number  of  different  data  files  onto  a single  graph  that  has  axis 
limits  compatible  with  all  the  data  contained  in  those  files. 

The  input  data  are  on  a RETAPE  and  are  contained  in  24  data  files. 

The  first  and  fourteenth  files  do  not  contain  useful  information.  The 
only  required  system  output  is  one  graph. 
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1 

SKPFLt 

1 4 ( 51 

2 

10 

PS/,  0 

3 

ID 

PCI/,1 

4 

10 

PC  2/ , 2 

5 

10 

PC  3/ , 3 

6 

10 

PC4/.4 

7 

ID 

POl/,5 

a 

10 

P02/.6 

9 

GEN  I 0 

DIMEN= INH20, DEL  TX  = C. 1 

10 

10 

TQS/,  7 

11 

10 

T QC 1 / « 8 

12 

10 

TQC2 / . 9 

13 

10 

T QC  3 / , 10 

14 

10 

TQC4/,  11 

1 5 

ID 

TQO 1 / , 12 

16 

10 

T Q02 / , 13 

17 

CONST 

C1=10.0,C2=60. ,C3=101.32 

18 

VAR 

VQS/LPM=TQ S* ( . 3 64 436-fTQS*(  — .0011997)  ) 

19 

VAR 

VQC 1/LPM= TQC l* I .0928 197* TCC 1*1 .0011314) ) 

20 

VAR 

V0C2/LPM=T0C2*(  .0086  1 68*  TCC2-!'  ( -.  000 1 691  1 ) 

21 

VAR 

VQC3/LPM=TQC3*(.00e4155*TCC3*(.C00l989)) 

22 

VAR 

VQC4/LPM=TQC4*C . 094906*TQC 4* I - . 002 32 7 3) ) 

23 

VAR 

V001/LPN=( 2.8/Cl)*T00l 

24 

VAR 

VQ02/LPMM  3. 0/C  1 } *1002 

25 

VAR 

QS/LPS=< VQS/C2)*(PS*C3)/C3 

26 

VAR 

QC1/LPS=I V0C1/C2)*(PC1*C3)/C3 

27 

VAR 

QC2/LPS  = < VQC2/C2)*(PC2»C  3I/C3 

28 

VAR 

QC3/LPS=(VQC3/C2)*IPC3*C3)/C3 

29 

VAR 

QC4/LPS=( VQC4/C2)*IPC4+C3)/C3 

30 

VAR 

Q01/LPS=< VQOl/C2)*<POl+C3)/C3 

31 

VAR 

Q02/L  P S = ( VQ02/C2)*(P02*C3)/C3 

32 

CHI  NP 

T APE  * 1 00 

33 

END 

34 

END 

35 

ENU 

36 

TITLE] 

POWER  IMPEDANCE  AND  FLOW  RECOVERY  CURVFS 

37 

PLOT 

MARK (10), ( PS, COMMON /OS, 002 ) 

38 

END 

39 

RESET 

PLOT 

40 

TITLE) 

NORMALIZED  CONTROL  IMPEDANCE  CURVF 

41 

VAR 

PCIN=PC1/PS 

42 

VAR 

OC IN  = QC 1 /Q  S 

4 3 

PLOT 

( PC  IN,  OC  IN  ) 

44 

END 

45 

STOP 

Figure  9.  List  of  Command  Statements  for  Second  Example 
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A list  of  the  command  statements  is  shown  in  figure  12.  Figure  13 
shows  a list  of  command  statements  plus  System  Identifier  Table  for  the 
first  command  file.  Figure  14  shows  the  graph  generated  by  the  program 

11.  SUMMARY 


The  FLUID  system  provides  a flexible,  easy-to-use  tool  to  assist  in 
the  evaluation  of  fluidic  devices.  Use  of  the  computer  permits  large 
amounts  of  data  to  be  handled  quickly  and  efficiently.  It  is  hoped  that 
this  capability  will  encourage  not  only  more  complete  data  analysis,  but 
also  the  presentation  of  fluidic  device  operating  characteristics  in  an 
accepted,  standard  format. 
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1 

2 

4 

5 

6 

7 

8 
9 

10 
u 
12 
1 3 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
2/ 
28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 


T l T LE  1 CONT  ROL  ANO  OUTPUT  CHARACTERISTICS  FOR  CORNING  OR/NOR 
TITLE2WITH  OPEN  PORTS 
IU  PCI/ 

ID  PC7/ 

ID  P01/ 

ID  P02/ 

GENID  OIMEN  - CCPS 
IU  QC1/ 

IU  0C7/ 

in  001/ 

ID  002/ 

SKPFLE  101 1,  14l 
CHINP  RETAPE 

COMMON  l(PCl,PC7,P0lf P02 ),21 QCl.QC 7,001, Q02) 

BLOCK  2 
BLOCK  1 

UPDATE  2/PC  1 ( OC  1 ) 

END 

UPDATE  2/PC7IQC7) 

END 

UPDATE  2/P02 ( 002  ) 

END 

UPDATE  2/POlIOOl  ) 

END 

UPOATE  2/P02 ( QO  2 ) 

END 

UPDATE  2/PO  1 (0011 
END 

ENDBLK 

TITLE2WITH  BLOCKEU  PORTS 

COPY  1 

ENDBLK 

T I T LE  1 CONTROL  ANO  OUTPUT  CHARACTERISTICS  FOR  CORNING  OR/NOR  NO. 2 
COPY  2 
RESET  CHINP 

TITLE2WITH  PORTS  BOTH  OPfcN  AND  BLOCKED 
GRAPH  2,8. , B. , ( P/KPA, O/CCPS  ) 

END 

STOP 


Fi'jure  1?.  List  of  Command  Statements  for  ihird  Ixurnple 
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Appendix  A Card  Type  Format 

The  general  format  for  all  command  cards  is  placement  of  the  command 
type  left-justified  in  columns  1-6  and  the  command  field  in  columns  7-72. 
In  general,  blanks  are  ignored  in  all  command  fields  except  for  LABEL  and 
TITLE.  There  are  five  characteristics  that  can  be  attributed  to  any 
command. 


(1)  Field  Form  - The  field  form  gives  a formal  description  of  the 
command  structure.  The  following  notation  is  used  in  the  command  table 
(table  A-l ) : 

(a)  "|"  - The  quantity  to  the  left  or  right  of  the  "bar"  can  be 
used.  (In  some  cases,  the  quantities  will  also  be  enclosed  in  braces; 
i.e.,  " {"  and  " }"  when  the  field  is  not  optional.) 

Example:  TIRES | RES  means  that  either  NRES  or  RES  can  be  specified-- 

but  not  both. 

(b)  "["  and"]"  - Brackets  are  used  to  enclose  quantities  that  are 
optional  (as  opposed  to  required)  in  the  command  description. 

Example:  [DELTX  = number,]  means  that  it  is  not  necessary  to 

include  the  DELTX  value  on  the  command. 


la-atiaaiias mu 


(c)  "..."  - The  quantity  to  the  left  of  the  preceding  the 
"..."  can  be  repeated  as  many  times  as  necessary. 

Example:  [,  channel  number,...]  means  that  the  channel  numbers  can 

be  repeated. 

(d)  "anything"  - If  a number  is  underlined,  this  indicates  that  it 
must  be  represented  as  a decimal  number.  If  not  underlined,  the  number 
representation  is  for  an  integer. 

Example:  name  = constant  for  CONST  command. 

The  constant  is  underlined  since  it  must  be  a decimal  number. 

(2)  Repeatability  - The  field  form  can  be  repeated  any  number  of 
times  wi th  a " , " used  as  a separator. 

Example:  The  TABLE  command  can  have  the  name  repeated 

TABLE  P01,  P02,  P03. 


However,  the  VAR  command  can  have  only  one  field  specified  and 
hence  is  not  repeatable. 
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(3)  Conti nuabi 1 i ty  - The  field  form  can  be  continued  on  the  next 
card  by  placing  a "$"  in  column  72  on  the  present  card.  All  commands 
are  continuable  except  for  LIST,  *,  END,  and  STOP  that  have  no  fields 
and  LABELn  and  TITLEn  where  the  field  is  strictly  defined  as  columns 
7-72. 

(4)  Add i ti vi ty  - A new  appearance  of  a command  does  not  erase  the 
old  command  information.  However,  for  the  CALIB,  CGDEL,  LIMIT,  and 
DIFDEL  commands,  the  appearance  of  a given  identifier  that  was  used 
previously  in  the  command  will  erase  the  old  information  about  the  identi- 
fier. In  the  case  for  the  COMMON,  UPDATE,  GRAPH,  and  SKPFLE  command, 

the  appearance  of  a block  number  or  unit  number  that  was  used  previously 
in  the  command  will  erase  the  old  information  about  that  number.  In  the 
case  of  the  CONST  command,  the  appearance  of  a constant  identifier  de- 
fined previously  will  erase  the  old  value.  For  the  ID  and  VAR  commands, 
the  old  definition  for  an  identifier  must  be  reset  before  the  new  defini- 
tion is  given. 


Examp 1 e: 

TABLE 

QC1 , QC2,  PCI,  PC2 

the  same  as 

TABLE 

QC1,  QC2 

TABLE 

PCI,  PC2 

(5)  Stabi 1 i ty  - The  introduction  of  the  command  applies  not  only 
to  the  file  in  which  it  is  defined,  but  for  all  succeeding  files  unless 
it  is  reset.  All  commands  exhibit  stability  except  for  RESET,*,  END, 
STOP,  REWIND,  FILE,  and  the  three  block  commands  BLOCK,  ENDBLK,  and 
COPY.  As  a special  case,  the  skip  file  option  for  the  TAPEWT  command 
is  only  executed  in  the  file  for  which  the  TAPEWT  was  originally  defined. 

All  the  characteri sties  of  the  commands  have  been  summarized  in 
the  command  format  table  (table  A-l).  For  each  command  there  are  seven 
items  of  information: 


(1)  Command  type. 

(2)  Features  as  defined  by  2 through  5 above.  If  the  command 
has  the  feature,  this  fact  is  indicated  by  the  appearance  of 
the  first  letter  in  the  feature;  e.g.,  RCAS  means  the  command 
is  repeatable,  continuable,  additive,  and  stable. 

(3)  Section  Reference  - list  of  sections  in  the  manual  that  refer 
to  the  command. 

(4)  Restriction  - brief  summary  of  command  limitations. 

(5)  Definition. 

(6)  Field  Form. 

(7)  Examples  - One  or  more  examples  separated  by  //.  In  addition, 
each  of  the  seven  items  listed  here  is  separated  by  a "//." 


Table  A-l 


1m. 


• k 


BLOCK 


CAL  IB 


CGDEL 


CHINP 


COMMON 


Command  Format  Table 


//  Features  //  Section  References  //  Restrictions  // 
Definition  //  Field  Form  //  Examples 


//  A //  3.3  //  none  // 

Command  serves  as  program  comment  // 
"comment  string"  // 

* THIS  IS  A COMMENT 


//  none  //  3.5  //  none  // 

Command  allows  definition  of  repeatable  set  of  commands  // 
block  index  //  BLOCK  12 


//  RCAS  //  2.1.4a  //  none  // 

Command  sets  calibration  coefficients  for  ID's  // 

(name),  A-Coefficient , B-Coefficient  [,  C-Coefficient]// 
CALIB  TPC1),  .04,  .8,  (QC1),  .2,  2.3,  -.4 


//  RCAS  //  2.1.5c  //  5 manual  setting  max,  6 ID  DELTX  per 
setting  // 

Command  updates  the  storage  resolution  factor  DELTX  for  ID 
if  manual  setting  is  scanned  // 
manual  setting  (name  = del  tax,...)  // 

CGDEL  104436  (PCI  = 703,  QC1  = .2),  001431  (PCI  = .4) 


//  CS  //  5 //  none  // 

Command  defines  the  input  media  for  data  file  // 

TAPE[/  number  of  files  to  skip]  [*  bad  point  limit]  | 

STCARD  / number  of  channels  per  scan,  number  of  cc  cards  | 

CARD  / number  of  channels  per  scan,  (format)  | 

RETAPE  [ (tape  unit)  ] [/  number  of  files  to  skip]  | 

CPUNCH  | 

TAPE  [/  number  of  files  to  skip],  number  of  channels  per  scan, 
(format)  // 

CHINP  TAPE/3*100  //  CHINP  CARD/10,  (8F7.2)  // 

CHINP  RETAPE  (9)  / 3 


//  RCAS  //  6.3  //  12  common  blocks  // 

Command  defines  sets  of  dependent  identifiers  with  common  plot 
scale  factor  //  block  number  (name,...)  // 

COMMON  1 (PCI,  PC2,  PC3) , 2 (QC1  , QC3) 


//  RCAS  //  2.3  //  60  constant  maximum  // 

Command  defines  constant  identifiers  //  name  = number  // 
CONST  X = 1.2,  Y = .004 


CONST 


Table  A-l 


Command  Format  Table  (continued) 


Type  //  Features  //  Section  References  //  Restrictions// 
Definition  //  Field  Form  //  Examples 


CTABLE 


DIFDEL 


ENDBLK 


GENID 


GRAPH 


//  none  //  3.5  //  none  //  Command  produces  block  command  code  // 
block  index  //  COPY  3 


//  RCAS  //  4.6  //  none  //  Command  generates  table  of  printed 
constant  values  //  name  //  TABLE  CONI,  C0N2 


//  RCAS  //  2.1.5  b //  one  set  of  bounds  per  ID  // 
command  allows  new  DELTX  for  ID  in  specific  value  range  // 
name  (lower  bound,  upper  bound,  del  tax) 

D I F D E L PCI  (.2,.  8,.  001)7  QCl(0. , 2 OT~74 ) 


//  none  //  3.1  //  none  //  Command  defines  end  of  command  file  // 
"empty"  //  END 


//  none  //  3.5  //  none  //  Command  sets  end  of  command 
block  definition  //  "empty"  //  ENDBLK 


//  CA  //  5.7.1  //  none  //  Command  allows  definition  of  tape  file 
characteristics  //  [COUNT  (unit)  = file  number,] 

[SPILL  (serial  number,...),]  [LENGTH  (unit,  file  number)  = feet,] 
[MOUNT ( uni t,  file  number)]  //  FILE  COUNT  (9)  = 12,  SPILL  712/1 00) , 
LENGTH  (9,6)  = 100.,  MOUNT  (14,00007),  C0UNT(14)  = 5 


//  CAS  //  2.1.5  a //  none  //  Command  allows  definition  of  new 
default  ID  parameters  //  [DIMEN  - dimension  type ,][NRES| RES ,] 
[DELTX  = number]  //  GENID  DIMEN  = PSI,  RES,  DELTX  = .5 


//  CA  //  6.4  //  none  //  Command  causes  common  plot  block  to  be 
graphed  //  block  number,  [MARK(number)],  [X-axis  length,  Y-axis 
length ,1  (X  - name  [/dimension  type],  Y-name  [/dimension  type]) 
//  GRAPH  1,  6.,  8.,  (PS/PSI,  PC/PSI) 


//  CAS  //  2.1  //  20  name  maximum  //  Command  defines  device  port 
with  channel  ID  name  //  NAME  [/dimension  type][,  METER  (N,...)] 
[,  DELTX  = number]  [,  NRESjRES]  [,  channel  number,  ...] 

//  ID  PS/PSI,  DELTX  - 0.2,  RES,  1,  6,  11  //  ID  V,  METER  (1,2), 
1,2,3,  4,  5,  6,  7,  8 //  ID  QC1 


Table  A-l 

Command  Format  Table  (continued) 

1X21 

//  Features  //  Section  References  //  Restrictions  // 
Definition  //  Field  Form  //  Examples 

KEEP 

//  RCA  //  2.5  //  none  //  Command 

allows  ID  data  to  be  saved  for  the  next  file  // 

name  | ALL  //  KEEP  PCI,  PC2  //  KEEP  ALL 

LABELn 

//  S //  6.2  //  20  label  maximum  //  Command  allows 
label  to  be  assigned  to  special  plot  //  "label  string"  // 
LABEL2  THIS  IS  LABEL  FOR  PLOT  2 

LIMIT 

//  RCAS  //  2.1. 5d  //  none  //  Command  defines  limits 

of  acceptable  ID  data  //  name  (lower  bound, 

upper  bound)  //  LIMIT  PCI  (.2,  120.),  QC1  ( -.1,  8.4) 

LIST 

//  S //  4.7.2  //  none  //  Command  generates  time  and 
manual  setting  printout  //  "empty"  //  LIST 

PLOT  //  CAS  //  6.1  //  20  plots,  5 y-names  per  plot  //  Command 
sets  up  curves  to  be  generated  for  a given  plot  // 

[PUNCH,]  [MARK  [(frequency)]  | NOMARK,']  [ X-axis,  Y-axis,] 
{([SCALE,]  name,  [lower  limit,  upper  limit, 

STDjNSTD],  . . .),'[,  (LSCALE, ] name,  [lower  limit, 
upper  limit,  STD  |NSTD],  ...)])  | 

{(x-nanie,  COMMON!/  |*|  -}  {number  [.name,.. .])  | 

{[SCALE,  {STD}  | {NSTD},  lower  bound,  upper  bound, 

] name,  ...}}// 

PLOT  (X,Y,Z)  //  PLOT  (X,Y),  (W,V)  //  PLOT  MARK  (5),  4.,  4., 
(SCALE,  X,  .1,  .5,  STD,  SCALE,  Y,  .02,  5.,  NSTD,  Z)  // 

PLOT  5.,  9.,  (X,  COMMON  /4)  //  PLOT  (X,  COMMON  / Y,  Z) 

PUNCH  //  RCAS  //  4.3  //  7 names  with  bounds  // 

Command  sets  up  list  of  identifiers  whose  values  are  to  be 
punched  //  name  [(lower  limit,  upper  limit)]  // 

PUNCH  PCI ( .4 , 1.2)7  QC1,  PS(0.,  15.) 
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Table  A-l 

Command  Format  Table  (continued) 

Jm. 

//  Features  //  Section  References  //  Restrictions  // 
Definition  //  Field  Form  //  Examples 

RESET 

//  RCA  //  3.4  //  none  //  Command  resets 

information  created  on  other  command  types  // 

card  type  [ (number  ] name  [ . ],  ...)]  //  RESET  TABLE,  LIST  // 

RESET  LABEL  (1,3),  ID(ALL) , VAR(X),  TABLE 

REWIND 

//  none  //  5.7.2  //  none  //  Command  rewinds  tape  unit  // 
tape  uni t //  REWIND  14 

SAVE 

//  CAS  //  4.7.1  //  none  //  Command  indicates 
that  time  and/or  manual  settings  are  to  be  saved  // 
[MANUAL  [(resolution)],  ] [TIME  [(resolution)]  ] // 
SAVE  MANUAL,  TIME  (10.) 

SCAN 

//  RCAS  //  4.5  //  50  settings  max  //  Command  gets  final 
scan  numbers  for  corresponding  manual  settings  // 
manual  setting  //  SCAN  148248,  148249,  148250 

SKPFLE 

//  RCAS  //  5.7.3  //  20  File  number  maximum  per  unit  // 
Command  saves  file  numbers  to  be  skipped  for  a given 
logical  tape  unit  //  unit  (file  number,  ...)  //  SKPFLF 
9(1, 4, 8),  14(2,6,16,22) 

STDPLT 

//  RC  //  7 //  none  //  Command  generates  data  for 
standard  plot  //  number  [N  \ F]  [(name,...)]  // 
STDPLT  2 ( PC 1 , QC 1 ) , 5( PCI , P03,  P04),  1 //  STDPLT 
3N( P01 , Q01 ) 

STDPRT 

//  RCS  //  8 //  none  //  Command  stores  five  standard 
print  parameters  //  number  //  STDPRT 
0.0254,  2.0,  20.0,  70.0,  45.0 

STOP 

//  none  //  3.1  //  none  //  Command  defines  end  of 
program  //  "empty"  //  STOP 
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Command  Format  Table  (continued) 


1m.  //  Features  //  Section  References  //  Restrictions  // 

Definition  //  Field  Form  //  Examples 


TABLE  //  RCAS  //  4.2  //  none  //  Command  generates  table  of 

printed  identifier  values  //  name  //  TABLE  PC1,X,PC2 


TAPEWJ  //  RCAS  //  4.4  //  7 names  with  bounds  //  Commands  sets 
up  list  of  identifiers  whose  values  are  to  be  written 
onto  tape  //  [(tape  unit)]  [number  of  files  to  skip,] 
name  [(lower  limit,  upper  limit)]  //  TAPEWT 
( 10)5,X,Y( . 1 , .8)7/TAFEWT  PCI,  PC2 


TITLEn  //  S //  3.3  //  5 title  cards  //  Command  defines  title 
to  appear  on  print  and  plot  output  //  "title  string"  // 
TITLE2  THIS  IS  THE  SECOND  TITLE  CARD 


UPDATE  //  RCAS  //  6.3.2  //  none  //  Command  allows  common  block 
information  to  be  updated  without  plotting  // 
block  number  [/name] [(name,  ...)]  //  UPDATE  1,  2 
(PCI,  PC2) , 3/PS 


VAR  //  CAS  //  2.2  //  30  identifier  max,  4 unique  identifier 

names  in  expression  //  Command  defines  expression  for 
variable  identifier  //  name  [ / dimension  type  ] = 
arithmetic  expression  //  VAR  X/PSI  = PC1-.4  //  VAR 
S = SWITCH  (P,  0.,  0.,  PS) 
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APPENDIX  B List  of  Control  Cards 


If  FLUID  is  not  running  under  the  USER  system,  the  following  control 
cards  replace  $EXECUTE  USER  and  $FLUID 


$EXECUTE 

I B JOB 

$1 B JOB 

NOMAP 

$1  EDIT 

SYSCK1 , SCHF 1 

$IBI.DR 

DAT. 

$1 BLDR 

FLUID 

$ I BLDR 

. INPS 

$ I BLDR 

ISRCH . 

$ I BLDR 

ISRCK. 

$ I BLDR 

PLOTI 

$1 BLDR 

PLT1 . 

$IBLD.r: 

RDIN 

$ I BLDR 

.SKPFL 

$IBI.DR 

UNLOA. 

$1  BLDR 

UNI  2 

$0RI GIN 

A 

$1 BLDR 

INI TL . 

$1 BLDR 

IN'-’UT . 

$1 BLDR 

CREAD. 

$1  BLDR 

IDENT. 

$1 BLDR 

NUMB. 

$1 BLDR 

REALF. 

$1  BLDR 

SCARD. 

$1 BLDR 

SYMBL. 

$0RIGIN 

C 

$ I BLDR 

RESET. 

$1 BLDR 

RESTA. 

SORIGIN 

C 

$IBLDR 

ARSIM. 

$ I BLDR 

CALBR. 

$1  BLDR 

CGDEL . 

$1  BLDR 

CHINP. 

$1 BLDR 

COM. 

$ I BLDR 

CONST. 

$ I BLDR 

DIFDE . 

$ I BLDR 

DIM. 

$1 BLDR 

GENID. 

$IBLDR 

GRAPH . 

$ I BLDR 

I DC . 

$1 BLDR 

IFILE . 

$1 BLDR 

KEEP. 

$1 BLDR 

LAB. 

$ I BLDR 

LIMIT. 

FBI 


$ I BLDR 

PLTO. 

$IBLDR 

POLIS . 

S I BLDR 

REWD. 

$1 BLDR 

SAVE. 

$1 BLDR 

SCAN. 

$IBLDR 

SKPF . 

$ I BLDR 

STDPL. 

$ I BLDR 

STDPR. 

$ I BLDR 

TAPUC. 

$ I BLDR 

TITLE. 

$1 BLDR 

UPDT. 

$1 BLDR 

UPEXP. 

$1 BLDR 

VAR. 

$ I BLDR 

WPACK. 

$ORI GIN 

$1 BLDR 

REDUC. 

$1  BLDR 

TABRE. 

$0R I GIN 

SIBLDR 

PGET. 

$1  BLDR 

SKIP. 

SIBLDR 

STORE. 

SIBLDR 

UNPK. 

SORIGIN 

SIBLDR 

AVERA. 

SIBLDR 

CARD. 

SIBLDR 

CHDAT. 

SIBLDR 

COMCA. 

SIBLDR 

FTAPE . 

SIBLDR 

INDX . 

SIBLDR 

LINEQK 

SIBLDR 

METR. 

SIBLDR 

REJEC. 

SIBLDR 

REREA. 

SIBLDR 

SWITC. 

SIBLDR 

TAPEI . 

SIBLDR 

VPOIN . 

SORIGIN 

SIBLDR 

CREAT. 

SIBLDR 

GPLOT. 

SIBLDR 

INI  TP . 

SIBLDR 

PLTST . 

SIBLDR 

PREPL. 

SIBLDR 

PREP1 . 

SIBLDR 

PUPDT . 

SIBLDR 

SCLE. 

SIBLDR 

SPPLT . 

SIBLDR 

STRPL . 

SIBLDR 

XYMIN . 

FB2 
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$0R I GIN 

$ I BLDR 

$IBLDR 

$ I BLDR 

$1 BLDR 

$ I BLDR 

$ I BLDR 

$ IBLDR 

$1 BLDR 

$1  BLDR 

SIBLDR 

$1  BLDR 

SIBLDR 

SORIGIN 

SIBLDR 

SIBLDR 

SIBLDR 

SIBLDR 

SIBLDR 

SIBLDR 

SIBLDR 

SIBLDR 

SIBLDR 

SIBLDR 

SORIGIN 

SIBLDR 

SIBLDR 

SIBLDR 


MATCH . 

VARST. 

FOA 

F1A 

F2A 

F3A 

F4A 

F5A 

F6A 

F7A 

F8A 

F9A 

FIRST. 
INTG. 
MAXMI . 
OCTAB . 
OTABL. 
SCANO. 
STAT. 
TAB! . 
WRT . 
WRT1 . 

CRVSC . 
DRAWP. 
PCURV . 
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AC  Fluidic  Applications  1 1 1 -335 

AC  Fluidic  Signal  Characteristics  III -331 
AC  Fluidics  1 1 1-330 

Acceleration  sensor  11-455,  V-450 
Accelerometer 

Analog  1-128 

Dual  fluid  1-129 

Digital  1-133 

Flueric  1-129 

Garden  hose  device  1-129 

"G"  Sensor  1-132 

Seismic  Mass  1(130-133) 

Sensitive  oscillator  1-134 
Vibrating  string  1-134 
Vortex  1-129 

Accelerometers  11-210 

Acoustic  ear  1-120,  11-194 

Acoustic  sensor  11-263 

Acoustic  source  11-265 

Active  Element  IV-88 

Actuator,  bistable  V-326 

Adjustable  Gain  Amplifiers  1 1 1 -357 
Admittance  I V- 105 

Admittance  Coefficients  V-382 

Advantages  1-84 

Air  Gage  11-468 

Air  flow  indicators  11-468 

Bourdon  Tube  11-469 

Air  Massaging  11-71 

Air  Motor  Speed  Control  III -338 

Air  Supply  (effect  of  contamination)  IV-348 
Aircraft  Brake  V-203 

Aircraft  ejection  seat  V- 175 

Aircraft  Flight  Controls  11-305 

Altered  Characteristic  1 1 1-43 

Alternator  1 1 1 - 1 14 

Ambigous  pair 

first  kind  1 1 1 -172 

second  kind  1 1 1 -172 

Amplifier  Development 

amplifier  design  11-388 
amplifier  staging  11-391 

Amplifier,  operational  III -329 

Amplifiers,  Laminar  1-236 

Amplifiers,  Staging  1-243,  V-179 

Amplitude  Dependence  I V- 90 , 103,  171 

Analog  Circuitry  1 1 1-397 

applications  1 1 1-406 
circuit  theory  II 1-400 

components  1 1 1-398 


G1 


feedback  circuits  III -400 , 406 
modulated  carrier  systems  1 1 1-405 

new  operational  amplifier  III -406 


11-423,  424,  440 


non-feedback  circuits  III -405 
references  III -409 
role  1 1 1-397 , 408 
Analog  Computer 

G Sensor  Simulation 
Analog  Computer  I V- 7 
Analog  device  IV-303 
Analog,  electric-fluidic  111(194-203) 
Analogous  Systems  11-416 
Analogue  to  Digital  Conversion  11-473 
Visual  indicators  11-480 
Analysis  Results  11-340,  347,  349,  350 

Analytic  solution  V-485 
AND  V-430 

Angle  of  Attack  pick-off  11-204 

Angle  sensor  V-449 

Angular  Accelerometer  11-211 
Angular  Motion  Detection  V- 136 

Angular  position  sensor  11-199 

Angular  Rate  Sensor  11-200,  499 

Jet  Deflection  11-499 

Hydraulic  11-499 
Angular  Rate  Sensor  1-123 

Garden  hose  device  1-123 
Gas  bearing  gyro  (see  Gyro  gas  bearing) 


Inertial 
Laminar  jet 
Sensitivity 
Spur  gears 
Vortex  rate 
Angular  Speed  Sensors 
Angular  Velocity  Sensor 


1-123 
1-124 
1-125 
1-122 

sensor  (see  Vortex 
V - 1 6 5 
11-455 


rate  sensor) 


I V- 26 1 
V-204 


V - 2 3 5 


V- 23  6 


Angular  radius  ratio 
Antiskid  Simulation 
Anti -Skid  Systems 

Developed  Systems 
Boeing  V- 235 
General  Dynamics/Ft.  Worth 
General  Electric  V-236 
Politechnico  V-236 

Applications  of  Operational  Characteristics 
Aqua  Irrigator  V-30-43 

Massage  Shower  V-29,  37,  38 
Swirl  Hydro  Massage  V-29,  39 
Vibrator  Shower  V-30,  42 
Washer  V-30,  43 
Aspect  ratio  IV-261 
Aspect  ratio 

(effect  on  performance ) [-418 


to  the  Design  of  Elements  1-387,388 
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Aspect  ratio  1-239,  454,  11-544 
Attachment  point  11-534 

Attachment  point  1-446 

Attenuation  I V ( 265-267 ) 

Annular  lines  I V ( 266-267 ) 
Circular  lines  IV-267 

rectangular  lines  IV-265 
Attenuation  factor  III-231,  244,  247 

Attitude  control  V-448 

Attitude  gyros  1-135 
Automated  oil  extraction  system  V-294 


Back  Pressure  Sensors  11-471 
Design  of  11-472 
Powder  height  11-478 
Proportional  amplifier  11-473 
Back  Pressure  Switch  1-118 
Bag  Manufacturing  Machine  Description  V-243 
Accumulator  V-244 
Cross  Sew  V-244 

Cutter  V-244 

Folder  V-244 

Bandwidth  1-183,  IV-111,  124,  140 
Beam  deflection  amplifier  1-270 
control  passage  1-270,  271 

dynamic  response  1-284 

analysis  1-271 

characteristics  1-271,  276,  278,  279,  280 

vent  effects  1-284,  285,  286,  287 
receivers  1-278,  280,  281 

Beat  Detector  1 11-334 

Bellows  IV-10,  (54-56) 

Bellows  Module  I V( 107-109) , 140,  (151-152) 

Bernoul ii-law,  interpretation  by  on  equivalent  circuit 

Bias  Pressure  1-239,  240 

Bistable  Ampl ifier  1-559 

Black  Box  Approach  IV-85,  86 

Blockage  Area  Coefficient  11-546,  550 

Bode  Plots  I V ( 126-127 ) 

Distribution  Junction  I V( 135-137 ) 

Lag  Network  I V- 1 39 , (148-150) 

Lag-Lead  Network  I V( 159- 160) 

Lead  Network  I V- 138 , (153-155),  (161-166) 

Summing  Junction  I V ( 132-134 ) 

Boundary  layer  11-545,  548 
Laminar  11-545 
Turbulent  11-548 

Boundary  Layer  Control  11-619 
Separation  11-613 
Incipient  separation  11-613 


1 1 1-196-199 
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Pressure  ratio  at  11-614 

Mach  no.  at  11-623 
Reattachment  11-614 

Schilieran  results  11-631 
Lift  developments  11-620 

Thrust  augmentation  11-620 
Pressure  profile  11-625,  629 

Boundary  Layer  Flow  1-241 
Bow  Thruster  V-28,  29,  36 
Branch  IV-12,  88,  111 

Branching  1 1 1-215-221 
Breathing  Assistor  V-27,  28,  34,  35 

Bridge-rect if ier  1 1 1 - 1 14 , 143,  145 

Bubble  1-499 

Affected  jet  1-499,  500 

Expansion  1-504 

Radius  of  jet  curvature  1-501,  503,  504 
Shrinkage  1-501,  503,  505 
Building,  AC  Fluidics  1 1 1 - 332 

C 

Capacitance  IV-9,  13,  19,  21,  32-38,  58-59,  89,  93,  94,  102-103, 
106-107,  108,  110 
Capacitance,  adiabatic  III - 203 

frequency  dependent  III  - 242 , 245 
isothermal  1 1 1-245 
Capillary  IV-9,  11,  43-48 

Capillary  module  IV-90,  92-100,  129,  135,  140,  142,  151 

Carrier  Techniques  1 1 1-325 

Cascade  Components  Dynamic  Range  1 1 1-470 

Cascade  Components  Frequency  Response  III -47 1 

Cascadability  1-86 

Casting 

Plastic 

Rubber  mold  - epoxy  V-3 
Injection  molding  V-3 
Residual  stress  V-4 
Shrinkage  V-4 
Solvent  welding  V-4 
Adhesive  bonding  V-4 
Metal  V-4 

Cavitation  1-59 

Centrifugal  force  1-52 
Characteristic 

Equation,  G Sensor  11-426 
Nozzle  11-423 

Characteri Stic  impedance  (see  also  surge  impedance),  1 1 1 -23 
Characteri sties 

comparative  large-signal  parameters  1 1 1 - 1 13 
Diode  bridge  circuits  1 1 1 - 136 
Flow  junction  1 1 1-128,  139 
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1 11-130,  131 


Integrated  bridge  rectifier  1 1 1-144 

Reverse-flow-diverter  (Rectifier  type) 
Characteristics 

Jet-pump-diode  V-420 
Vortex  amplifier  V-405 
Characteristics  1-85 
Characteristics,  Quasi-static 
See  Data  Reduction 
Characterization  1 1 1 - 1 10 

Indefinite  circle-diagram  III -106 
Linearization  III - 105 

Parametric  characterization  III - 106 

Polar  function  III-102 
Circuits 


approach  IV-90 

Bellows  module  I V- 108- 109 

Capillary  module  IV-93,  94-101 

Computer  aided  analysis  IV-115-1 16 
Design  IV- 166 
Diaphragm  module  I V- 1 10-111 

Distribution  junction  I V- 134-135 
Elements  IV-88  "V 

Enclosed  volume  IV- 104,  106 

Error  ranges  I V- 17 1- 175 

Lag  network  IV- 139 , 141-143 

Lag-lead  network  IV- 140 , 155,  158 

Lead  network  I V- 138,  150-151,  164 

Loaded  IV-96-97 

Node  I V- 112 


Summing  junction  I V- 128 
Theory  IV-88 


Topology 
Variables 
Clothes  washer 
Coanda  effect 
Coanda-switched 


IV-90,  91 

IV- 89 

V-  30,  40,  41 
1-561,  11-53 

vortex  device 


III-lll,  V-401 


Code  wheel  11-200 


Common  mode  rejection  1-242 
Comparator  Gaging  11-475 
Comparison  of  noncontact  gaging  methods  11-496 
Fluidic  11-496 


Light  section  microscope  11-496 
Capacitance  11-496 
Light  reflection  11-496 
Compensation  network 

Constraints  I V- 138 
Lag  I V - 1 39 , IV-141-150 
Lag-lead  IV- 139-140,  155-159 
Lead  I V- 150- 155 , 159-166 
Compliance  I V- 10 
Component  Fact  Sheet 
See  Data  Reduction 
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Components  1 1 1-398 


1 1 1-399 
III -400 
1 1 1-399 
ampl i tiers 
1 1 1-399 

11-413 
73 


1 11-398 


Capaci tors 
Fluid  lines 
Inductors 
Proportional 
Resistors 

Computer-Aided -Design 
Computer  Cost  IV-27, 

Computer  Simulation 
Analog  11-423 
Digital  11-432 

Computer  System  used  for  Fluidic  Device  Data  Reduction 
See  Data  Reduction 
Concentration  sensor  11-221 

Concentration  sensors  1-138-139 

Conical  diffuser  11-599 
Contacting-both-wal 1 s switching  1-502,  505 
Contamination  IV- 348 , 361 

Contamination  sensitivity  1-203 
Control  Action  1 1 1-305 

equations  III - 174 

Length  1-241 

System  Appl ication  III -470 

System  Concept  V- 501 
valve,  missile  V-345 
Controller  analysis  III -306 

Flueric  1 11-305 

Stability  1 1 1-307,  313 

Two  term  flueric  1 1 1-305 

Controls  1-83,  87,  104 
Counter  V-429 
Cover  plates  1-273 

Cross-sectional  resistance  III -196-199 , 200, 

Cutting 

End  mills  V- 2 

Optical  tracer  mill  V- 2 


Control 

Control 

Control 

Control 

Control 


201 


1-57 


VI 

Performance 

VI 


Darcy-Weisbach  Equation 
Data  Reduction 

Computer  System  used  for 
Formula  for  Fluidic  Device 
Parameter  Calculations 
Government  Fluidics  Coordination  Group 
Digital  Fluidic  Component  Fact  Sheet 
Quasi-static  characteristics,  plot  of  VI 
Data  transformation  1 1 1-106,  V-383 
DC-flow,  influence  of  superimposed  III - 249 , 250 
Decoupler  1 11-332 

Decoupling  1-441 

Defense  Standardization  Program  IV-333 


VI 
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1-500 


Delay  time  (transmission  line)  IV-239 
Demonstration  Devices  V- 27,  32 

Derivative  Circuit  1 1 1 - 332 
Design  Approach  IV-166-171 
Design  equations  1-460 

Design  procedure  1-63 

Design  specifications  1-461 

Design  (wall-reattachment  fluidic  device) 

Detail  Sheets  IV-339 

Slash  sheets  IV-339 

Military  standard  sheets  IV-339 
Diaphragm  IV-10,  18,  56-59 

Diaphragm-ejector  Schmitt  trigger  11-73 
Diaphragm  module  I V -109-1 11  , 140,  159,  163-164 

Diffuser  11-544 

Area  ratio  11-546 
Divergence  angle  11-546 

Flow  regime  11-544 

Length  ratio  11-546 

Performance  11-550 

Pressure  recovery  11-544 
Diffuser  II 1-201-213,  214,  265 

- effeciency,  effectiveness  1 1 1-212,  213 
Diffuser  angle  11-599,  601 

Diffusion  11-547 

Inefficient  11-547,  552 

Insufficient  11-552 

Digital  circuit  design 

combination  circuits  III-21 
counter  circuits  1 1 1 -23 

Sequential  circuits  1 1 1 -22 
Digital  Computer 

G Sensor  Simulation 
Digital  Computer  Program 
Digital  devices 

momentum  interaction 
moving  part  1 1 1 - 11 

turbulence  1 1 1 - 10 

wall  reattachment 
Digital  devices  I V- 302 

Digital  fuel  injection  V- 162 
Digital  modules  1 1 1 - 18 

Diode  bridge  circuits  1 1 1 - 1 1 5 

Diode  effectiveness  1-49 
Diode  pumps  V - 398 
Diodicity  1-49 
Directivity,  antenna 
Discharge  coefficient 
momentum  flux 
Displacement  thickness 
Dither  1 1 1-43 
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11-432 
I V -87 , 

III-10 


115-116 


III-10 


11-196 
1-162, 
1-172 

11-547 


457,  11-531 


Dithered  Pulse  Compensation  1 1 1-50 
Diverter  Valves  V- 1 20-123 

Analog  V- 120-122 
Bistable  V-120-122 
Pilot  (flow  switch) 

Diverter  Valve  Demonstrator 
Diverting  Valves  V-92-94 

Level  Control  V-92-93 


V-120-122 
V -27 , 32 


Oscillating 
Sainpl  i ng 
Tri -stabl e 
Two-stage 
Documentation 


V - 93 - 94 
V- 93 
V- 93 
V- 93-94 
IV-335,  336 
DOD  Directive  4120.3  IV-333 

DOD  Index  of  Specifications  & Standards  (DOD  1SS) 
"don't  care"  conditions  III-172 
DSL/90  I V- 1 66 

DSL/90  IV-8,  I V - 1 5 , IV-18-22,  IV-74 

Dye  trace  1-238 


I V -33 9 , 341 


Dynamic  Range 
Dynamic  Range 
Dynamic  response 
Dynamic  response 
Dynamometer  test 


1-157,  230 
I V -87 , 90,  111 
1-284 
I -110 
V- 208 


Duct  flow  with  head  & mass  transfer 


1 1-570 


V-4 


ECAP  I V - 1 32 , 136 

Ejection  seat,  aircraft  V-175 
Ejection  seat  stabilization  11-306 
El ectroformi ng 

Patterns  V-4 

Leachable  V-4 

Fusible  Alloy 
Wax 

Coated  V 
Conducti ve 
Emergency  Respirator 
Emergency  Roll  Control  Description 
Gas  Generator  V-499 

Vortex  Valves  V-499 

Control  Logic  V-499 

Emitter  (Supply  Nozzle),  1-83,  86,  96,  99, 
Enclosed  Volume 


V-4 

V - 27  , 33 


V-499 


102 


I V -9 , (49-54),  91,  100,  102-107,  129-130,  135,  140, 
142,  151 


End-wall  switching 
Energy  factor  I 
Energy  Processes 
Dissipation 
Storage 
Supply 
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1-505,  507, 

1-267-268,  269 
I V -86 , 83,  89 

IV-89,  92,  103,  105,  106-107,  152 

I V- 89-90,  100,  106-107 

V- 89 


Entrained  flow  1-186 

Entrained  fluid  11-599 

Epoxy  resin  casting  V- 10 
Equivalent  circuit 

Electrical  11-416 

Fluidic  11-417 
G Sensor  11-419,  438 
Mechanical  11-417 

Equivalent  circuits  IV-8,  9,  12 

Computer  aided  analysis  I V ( 14-18 ) 

Digital  analysis  IV-15,  17,  65,  72 
Equations  I V ( 12- 14 ) 

Variables  I V- 1 3 

Equivalent  circuits  11-56 

ERC  Performance  Tests  V-504 
Cold  gas  tests  V-504 

Hot  gas  tests  V-504 

Eulerian  similarity  1 1 1 - 102 
Eulerian  similarity  V- 381 
Experimental  comparison  11-352 
Experimental  response  IV- 117-128 
Explosive  Powder  11-476 
Detonator  11-476 

Snake  eye  gage  11-476 

F 

Fabrication  V- 10 
Fabrication  process 

Bibliography  V-7 

Electroform  conductive  wax  process  11-301 

Fan-in  1-84,  85 

Fanout  1-84,  11-63,  444 

Feasibil ity  Studies  V-235 

Bendix-Electronic  V-235 
General  Dynamics  (Oklahoma  State  U)  V-235 

General  Electric  V-235 
Grumman  V-235 
Figures  of  Merit  1-85 

Filament  sensor  1-122 

Filter  compensator  circuit  V-391 
Flip  Flop  1-441 

Flow  development,  resistance  due  to  111(206-208) 
Flow  development 
Jets  1-89 

Tubes  1-99 
Flow  gain  1-49,  443 

Flow  interface  1 1 - 101 

Flow-junction  1 1 1-109 

Flow  junction  circuits  V- 394 
Flow  measurement  I V- 299 

Flowmeter  11-70,  100,  220,  V(94-95),  162 


Flow  pattern  11-552 
Flow  summation  III -305 

Flow  visualization  1-238,  500 

Flueric  controller  III -305 

operational  amplifier  1 1 1-305 

Flueric  interface  1 1 - 101 

Flueric  proportional  amplification  1-156 

beam  deflection  1-156 
impact  modulators  1-156 

laminar  pressure  field  1-158 
momentum  exchange  1-156 

turbulent  pressure  field  1-156 
Fluid  Amplifier 

vortex-type  1-1 

Fluid  Diodes 

vortex  diode  1-7,  45 

applications  1-24 

characteristics  1-7 
Fluid  lumped  parameters 
capacitance  1 1 1 -7 

inductance  1 1 1 - 8 

resistance  1 1 1 - 6 

Fluid  transmission  lines  III  - 228 , Iv-255,  269 
Fluidic  Antiskid  Circuit  V - 207 
Fluidic  Applications  V-50 

Fluidic  back-pressure  switch  V-465 

Fluidic  Carburetors  V- 160 

Fluidic  circuit  configuration  choices  1 1 1 -424-426 

Fluidic  circuit  manufacturing  process  V-74 

Fluidic  component  test  V- 206 

Fluidic  diode  1-48 
Fluidic  ear  1-120,  11-266 
Fluidic  emergency  thruster  design  V-502 

vortex  valves  V-503 
torque  motor  flapper  nozzle  V-503 

Fluidic  emergency  thruster  development  V- 501 

Fluidic  generator  V-255 
Fluidic  network  I V( 64-71 ) , IV-91 

Fluidic  system  IV-85 

Fluidics  Standardization  program  I V- 334 

Force  sensors  11-197 

Forced  vortex  1-51 

Forming  V- 5 

from  preform  V-5 

from  thick  blank  V-5 
Free  jet  11-597,  598,  599 
Free  vortex  1-51 
Frequency 

characteristics  IV-257 
dimensionless  I V - 258 
radian  IV-258 
response  IV-257 
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Frequency,  characteristic  angular  1 1 1-237  , 238 
Frequency  converter  III -334 

Frequency  dependence  IV-90,  91,  (106-107),  171 
Frequency  dependent 

Enclosed  volume  in  NET-2  I V ( 51-54 ) 
Enclosed  volume  in  SLIC  I V- 24 

Functions  I V- 17 
Frequency  detector  1 1 1-334 

Frequency  references  III - 333 

Frequency  response  1-450,  11-60 

Frequency  to  Analog  Circuit  1 1 1-334 
Friction  factor  11-498,  IV-237,  260 
Fuel  controls  V ( 159-172 ) 

Fuel  injection  V ( 160-163 ) 

Fundamental  mode  III-171 

Future  Fluidic  Control  Applications  V-68 


G 


G Sensor  (also  see  accelerometer) 

analog  simulation  11-423,  440 
characteristic  equation  11-426 
equivalent  circuit  11-419,  438 
experimental  11-428 

linear  analysis  11-426 

mathematical  model  11-423,  430 

physical  model  11-418,  437 

test  results  11-429,  433 

Gage,  hot  forging 
Gage,  non-contacting  1-122 

Gain  1-156,  11-63 

Blocked  pressure  gain  1-199 
Jet  deflection  gain  1-174 
Gain,  antenna  11-196 
Gain  block  1 11-329 
Gain  change  I V ( 179-200) 

Gain,  pressure  1-240,  243 

Gap  1-83,  86,  105 

Garden  hose  nozzle  11-597 

Gas-liquid  interface  amplifier  1-229 

Gas  generator  design  study  V- 501 

Gas  generator  impulse  V-502 

Gas  generator  hardware  design  V-502 

Gas  turbine  fuel  controls  V- 165 

Glove  box  V-379 

Goertler  jet  profile  1-563 

Governors,  AC  fluidic  1 1 1-336 

Gravity  detection  sensor  V- 141 

Guide  for  private  industry  IV-341 

Gyrator  1 1 1-106 

Gyro,  gas  bearing  1-138,  135 

Gyro  parameters  1(136-138) 


Gil 


H 
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Half-bridge  IV-206 
Handbooks  I V- 337 

Heat,  effei  t on  control  11-577 

Heat  pump  1-48 

Heavy  current  devices  I V - 301 

Helmholtz  Resonator  III  - 333 
Hybrid  magnetic/fluidic  pulse  shortener  11-67 
Hydraulic  control  system  V-136 
Hydraulic  diameter  11-554,  I V - 2 3 7 , 260 
Hydraulic  proximity  sensor  V-137 
Design  analysis  V-137 
Testing  fixture  V-139 
Testing  procedure  V-139 
Test  results  V-139,  140 

Hydraulic  Ram  V-401 

Hydraulic  resistive  summing  junction  III -463 
Summing  junction  dynamic  range  III -464 
Summing  junction  frequency  response  1 1 1-467 
Hydraulic  system  V-205 
Hydraulics  IV-7 

l 

Impedance  IV-111 
Impedance,  Input  240 

Impedance  matching  1 1 - 1 0 

Impedance  measurement  IV- 205 

Incense  flip  flop  V- 27 

Induced  secondary  flow  11-597 

Inductance  IV-89,  I V ( 93-94 ) 

Inductance  IV- 13 , I V ( 39-4 1 ) 

Inductance,  adiabatic  1 1 1 - 203 

frequency  dependent  1 1 1-240,  241 
Inertance  I V- 257 

adiabatic  I V- 257 

low-frequency  I V- 258 

parameter  I V- 258 

Inlet  11-545 

Input  characteristics  1-164,  276 

channel  resistance  1-165 
deflected  jet  impedance  1-187 
jet-edge  resistance  1-166 
Inside-out  jet  1 1-599 

Integral  time  constant  1 11-307,  309,  311,  315 

Integrated  fluidic  circuits  1 1 - 3 

Integrator  III  - 358 

Integrators  III -404 , 405 

Interconnections  1 1-9 

interface,  active  1 1 - 10 1 

characteristics  11-103 


flow  11-101 
flueric  1 1- 101 
gas  1 1 - 101 
liquid  11-101 

pressure  1 1 - 101 

region  11-102 

Interface,  electrical/fluidic 
Interm  Pos  Press  Breath  Assist 
Internal  flow  field  approach  I 
Interruptable  jet  sensor  1-120 
Inverted  pendulum  unit  V - 1 3 6 
Isolation  amplifier  II 1-357 


V- 35 

V- 27,  28,  34,  35 
IV-84,  86 


Jet  centerline  deflection  11-332 
Jet  deflection  11-502 

Jet  deflection  1-274,  275 

Jet-edge  distance  1-171 

Jet  engine  control  III -340 
Jet  flow  1-272 
Jet  flow 

free  jet  1-409 

wall  jet  1-410 

Jet  impingement  force  V-141 
Jet-pump-diode  V-400 

Jet-pump-diode  1 1 1 - 1 1 1 

Jet  receiver  nozzle  111(213-215),  264,  265 
Jet  recovery  11-502 

Jet  spread  angle  11-601 

Jet  spreading  11-502,  598,  599,  601 

Jet  transit  time  11-332 

Jet  velocity  11-598,  599 

Jet  velocity  distribution  V- 292 

Jet  velocity  profile  comparisons  11-331 
Jets  (see  also  Transition) 
laminar 

modeling  1-80,  96 

velocity  profile  1-88,  95 

profile  development  1-89 
source  impedance  1-100 

turbulent  1-97 

stability  1-91 

sound  1-92 

Junction  111(221-227) 

Junction  IV-91,  (111-115),  (128-136) 

distribution  I V- 1 1 4 , (134-137) 
summing  IV( 112-114) , (123-134) 
Junction  I V- 10 

summing  I V ( 65-66 ) 

distirbution  IV-65,  67 


11-331 


Junction 

Junction 
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K factors 


-57 


IV-65,  71 
I V( 20-22 ) 
68 


Lag-lead  network 
with  bellows 
with  diaphragm 
Lag  network  IV-65, 

Lag  pimple  1 1 1 -357 
Laminar  1-236 
Laminar  amplifier  IV- 190 
Laminar  angular  rate  sensor 

environmental  sensitivity  studies 
performance  evaluation  11-384 

supply  nozzle  design  11-362 

vent  and  receiver  design  11-362 
Laminar  angular  rate  sensor/gain  block 
component  evaluation  11-398 

component  optimization  11-394 

Laminar  flip-flop  1-229,  11-57 
Laminar  flow  IV-90,  92,  93 
Laminar  jet  angular  rate  sensor  1-229 
Laminar  jet  linear  accelerometer  1-229 
Laminar  liquid  jet  devices  1-334-387 
Laminar  Nor  gate  11-53 

Laminar  proportional  amplifier 

(effect  of  contamination  on) 

Laminar  proportional  amplifier 
Latching  vortex  digital  devices 
Lawn  sprinkler  V-23,  36 
Lead  lag  1 11-358 

lag  network  I V ( 24- 26 ) 

network 
with  bellows  IV-65,  69 

with  diaphragm  I V ( 18-20 ) , 65,  70 
Level  sensors  11-212 

Level  sensor,  liquid  1-222 

acoustic  ear  1-120 

interrupted  jet  sensor  ! 
proximity  sensor  1-118 
Lift  vehicle  11-620,  647,  648 
range  11-651 
capability  11-621 
payload  profile  11-649 

attitude  control  11-621 
Limit  control  1 1 1-343 

Limit  cycle  1 1 1-42 
Linear  analysis 

G sensor  11-426 

Linearity  I V -87 


11-385 


I V- 348 

11-53,  I V ( 59-61 ) 
11-534 


Lead 

Lead 


■120 
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11-75 


1 11-150 


1 11-150 


Liquid  operated  oscillation 
Loading  effects  1 1 1-470 
Logic  network  models  1 1 1 - 150 
generalized  switching  network 
combinational  network  1 1 1 - 1 51 

sequential  networks  1 1 1- 1 52 
Logic  network  models  III- 150 
generalized  switching  network 
combinational  network  1 1 1 - 1 51 

sequential  networks  1 1 1 - 152 
Pseudo-combinational  model 
classical  synthesis  method 
steering  gate  model  1 1 1 - 1 54 
IV-12,  I V- 1 3 

factor,  of  the  capacitance 
111(272-279) 

1 11-272 , 273 
III-274,  275 
111(275-277) 

- using  multiple  branched  transmission  lines 
Low  pressure  proportional  amplifier  design  1-353 


Loop 
Loss 
Low  pass  filter 

- RC-type 

- RL-type 

- RLC-type 


1 1 1-152 
1 11-153 


1 1 1-242,  245 


111(277-279) 


M 


M60A1  elevation  axis  compensation  transfer  functions 

Magnitude  ratio  I V ( 98-99 ) , 126,  144 

Manufacture  of  fluidic  circuits  V-70 

Marginal  stability  V-477 

Massage  devices  V-29,  30,  36,  37,  38,  39,  42 

Massaging  11-71 

Matched  transmission  line  III -232 , 251 
Mathematical  model  11-423,  430 
Mechanical  capacitor  I V ( 10- 1 1 ) 

Mechanical  potential  111(195-199) 

Micromancmeter  11-549 

converter  11-549 

Microphones  I V ( 124-127  ) , 132,  148 
Mil itary  documentation  I V- 335 

handbooks  IV-337 

specifications  IV-337,  338 
specification  slash  sheets  IV-339 

standard  sheets  IV-339 

standards  book  format  (MIL-STDs)  IV-339 
Missile  control  V-258 

Missile  control  systems  11-617 
hot  gas  11-617 
warm  gas  11-613,  637 

cold  gas  11-617 

secondary  injection  11-617 
thrust  vector  control  11-619 
boundary  layer  interference  11-640 


1 1 1-422 
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11-619 

11-613 


I V - 90 


exhaust  flux  control 
jet  reaction  steering 
Mixing  valve  1 1 - 101 

Model  Hierarchy  I V- 27 
Modelling  11-413,  416 
Model s 

distributed  parameter 
lumped  parameter  IV-86,  87,  88,  (90-91) 
Model s 

equivalent  circuit  11-438 
G sensor  11-418,  424,  438 
mathematical  11-424,  430 
physical  11-418,  437 
Modes,  higher  in  transmission  lines 
Mortar  V-465 

dynamics  and  dry  friction  V-468 
feedback  system  V-470 
repositioning  control  V-465 
repositioning,  elevation  and  azimuth 
velocities  and  equivalent  mass  V - 467 

Multiplication  I V ( 179-200 ) 

Multi-stage  elements  V-291 
Mutator  IV(35-37),  (39-41) 


1 1 1-247  , 248 


V-465 


N 


Naval  Air  Systems  Command  Instruction  (NAVA1RINST)  I V - 33 5 

NET-2  IV-8,  15,  17,  27,  (62-65),  74,  116,  148,  153,  159 

Node  IV-10,  11,  14,  88,  111,  112,  114 

Noise  11-547,  1 1 1-399 

Non-ambiguous  III-172 

Noncontact  gaging  11-476 

Powder  height  gage  11-479 

Pellet  height  gage  11-487 

Pellet  diameter  gage  11-491 
Well  depth  gage  11-493 
Nests  and  masters  11-495 
Calibration  11-431 

Nonl inear 

capacitance  I V- 19 , 21,  (32-38),  (58-59) 

functions  I V- i 7 , 29 

function  generator  I V - 3 1 

inductance  I V ( 39-41 ) 

resistance  I V( 23-24 ) , 30,  (46-48) 

Nonlinear  elements  V-466 

Nonlinear  range  IV-92,  103 

Nonl inearities 

displacement  limit  11-424 

nozzle  11-432 
sliding  friction  11-424 
Non-standard  parts  1V-340 

Nonuniform  duct  III-197,  198,  (208-215) 
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Nonuniform  transmission  line  111(250-254) 

NOR,  NOT  1-82 

Notch  filter  using  one  low-gain  amplifier  III -430-434 

Notch  filter  using  one  operational  amplifier  III -434-443 

Notch  filter  using  two  low-gain  amplifiers  1 11-426-430 
Notch  filter  using  two  operational  amplifiers  III -443-446 

Notch  filter  using  three  operational  amplifiers  III -446-450 

Nozzle,  ac-behaviour  III - 208 , 209 

dc-behaviour  111(255-265) 

Nozzle  characteristic  11-423 

Nozzle  flow  1-407 

Nozzle  retraction  11-599,601 


Object  detecting  sensors  11-193 
Offset  1-446 
Offset  of  control  1-86,  104 

On/off  control  1 1 1 -41 

One  pulse  compensators  II 1-45 
Operating  pressure  range  1 1-8 
Operational  amplifier  1 1 1 - 329 
Operational  ampl ifier  analysi s 1 1 1-353 
Operational  amplifiers  II 1-400,  406 
integrators  II 1-404 

lead  lag  circuits  III -404 

near  optimal  design  III -406 
saturation  1 1 1-403 , 408 

stability  III -401 

Operational  characteristics  387 
Opposite  wall  effects  of  1-506,  510 
Opposite  wall  switching  1-565 
Optimization  1-60,  I V- 12 , 14 
Optimum  receiver  spacing  11-336 
Optimum  sensor  length  11-335 

Oral  irrigator  V-30,  43 

Organization  chart  for  fully  coordinated  specification 

Organization  chart  for  limited  coordinated  specification 

Orifice  1-58 

Oscillator  11-76  V-426 

Oscillators  11-199,  216,  217,  III -405 

Output  characteristic  1-193 

Output  characteristics  1-278 

Overspeed  sensor  1 1 1-336 


IV-338,  345 
I V -3 3 9 , 346 


Paral lei -plate  separators  V- 294 
Parameter  adjustment  I V ( 1 69 - 170) 
Parasitic  dynamics  1-450 
Parasitics  IV- 10 

Particles  in  a fluidic  device  11-603 
Passive  and  active  filter  considerations 


1 1 1-423 
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1 1 1-452-456 
1 1 1-450-452 
1 1 1-348 
V- 136 

127,  (144-147) 


V-3 


I V - 1 7 9 
11-455 


Passive  element  IV-88 
Passive  RC  notch  filter 
Passive  RLC  notch  filter 
PDM  thrust  vector  control  I 
Pendulum  gravity  detection 
Phase  difference  I V ( 98-99 ) , 

Phase  discriminator  III -334 
Phase  velocity  1 1 1-231,  244 
Photoetching 

Photoceramic  V- 2 
Photopolymer  V-3 
Metal 

Intergranula  attack 
Dip  V-3 
Spray  V-3 

Pin  amplifier  I V ( 183-184 ) 

Planar  amplifier  gain  sensitivity 
Pneumatic  rate/accelera tion  sensor 
Pneumatics  I V- 7 

Poiseuille  Law  IV-92 
Polytropic  coefficient  IV-91, 

Power  consumption  1-408,  442, 

Power  jet  V- 29 , 36 

Pressure,  bias  1-239,  240 
Pressure  comparator  V ( 95-96 ) 

Pressure  control  valve  V- 205 

Pressure  detector  (see  back  pressure  switch) 

Pressure  detectors  11-211 

distribution  1-501,  503,  507 

drop  coefficient  1-54 
drop  in  laminar  rectangular  duct 
gain  1-443 
interface  1 1 - 101 

loss  (transmission  line)  IV-236 
ratio  sensor  V- 165 

recovery  1-197,  442  , 1 1 - 7 
recovery  coefficient,  of  a diffuser 
source  IV- 120 , 141 
1-239,  243 
1-240 


103,  ( 104- 
1 1-4 , 63, 


107) 

1 11-12 


Pressure 

Pressure 

Pressure 

Pressure 

Pressure 

Pressure 

Pressure 

Pressure 

Pressure 


1-378 


1 11-210 


Pressure 
Pressure  supply 
Pressure,  vent 
Printing  paper  sensor  1-122 
Process  control  I V - 303 

Program  objectives  NAS2-5467  V - 4 99 
Programmer,  dual  channel  V-425 

Propagation  factor  III-230,  235,  237 
Proportional  Amplifier  11-484 
Three  input  summer  11-484 

Proportional  amplifiers  11-533 

Proportional  plus  integral  action  1 1 1-305 
Proximity  sensor  1-118 

cone-jet  1-118 
obi ique  jet  1-119 

vortex  1-119 
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Proximity  sensor  V- 139 

Proximity  sensors  11-191 
Pseudo-equivalent  variables  III 

Pul se  distortions  111(280-296) 

Pulse  Duration  Modulation  (PDM)  circuits 
Pulse-width  modulated  amplifiers  1 1 1-43 
Pump  III- 99 

Air-driven  liquid  pump  1 1 1 - 147 

Pumps  for  toxic  fluids  V-398 
Pumps  in  parallel  V-394 


1 11-335 


Quality  assurance 

test  pattern  for  etching 
Quick  reference  table  V- 234 


a 

V- 6 
R 


Rapid  switching  1-566 
RC  compensation  circuit  III -467 

compensation  circuit  dynamic  range  1 1 1-468 
compensat-on  circuit  frequency  response  1 1 1-469 
Reactance  IV-94,  IV- 142 
Reattachment  point.  Jump  of  1-504,  508,  510 
Receiver  1-83,  86 
Receiver  (see  jet  receiver  nozzle) 

Receiver,  distance  241 
Receiver,  width  241 
Receivers  1-278-281 
Recovered  pressure  1-95,  103 
Recovery  (flow  and  pressure)  1-414 

Recovery  pressure  1-510,  512 

effective  momentum 
Rectangle  diagram  1 1 1-137 

Rectification  ratio  1-49 
Rectifier  III -332 

Rectifier  circuits  1 1 1 - 1 14 

Reflection  coefficient  III -254 
Reliability  IV-348,  V- 26 1 

Reliability,  effect  of  contamination  on  I V- 361 
Requirements  for  fluidic  circuit  construction  V-63 
Resistance  IV-9,  13,  (23-24),  30,  (46-48),  89,  92,  (93-94),  118,  132 
Resistance  IV-257 
laminar  IV-257 
parameter  I V- 260 

Resistance,  cross-sectional  (see  cross-sectional  resistance) 
due  to  flow  development  111(206-203)  < 

laminar  111(203-205) 

of  nonuniform  ducts  111(208-215)  (256-265) 

turbulent  III - 205 , 206 
of  uniform  ducts  111(203-208) 
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Resonator  111(269-271) 

Resonators  1 1 1 - 333 

Response,  G sensor 

analog  simulation  11-424,  441 
digital  simulation  11-432,  452 
experimental  11-429,  433,  451 
Response  time  1-449,  1 1 - 5 
Reverse  flow  di verters  II I - 1 10 , V-399 
Reverse  flow  vortex  amplifier  1 1 1 - 1 1 1 
Reynolds  number  11-530,  544 

fully  established  turbulence  11-535 
height  11-534 


III-110,  V-399 
:ier  III-lll 


modified 
stretched 
Reynolds  number 
modi fi ed 
mi  n i mum 

Reynolds  number 
modified 


11-532 

11-533 

1-453 

1-453 

1-453 

1-162 

1-162 


range  1-188 

Reynolds  number  1-239,  I V- 260 
Reynolds  number 

(effect  on  performance)  1-417 

Reynolds  number  correlation  V-137 

Run-out  intensity  1-501 

run-out  characteristic  1-502, 


Safing  and  arming  11-306 
Saturation  characteristics  1-240 
SCEPTRE  IV- 14 , lb 
Schmitt  trigger  I '.-73 

Secondary  flow  1-241 
Secondary  variables  1 1 1 - 17  2 

Semi-graphical  method  1 1 1 - 177 
Sensing  devices  I V - 300 

Sensitivity  analysis  I V- 143- 147 

Sensor  V-137 

Sensor,  acceleration  11-453 

Sensor,  Multi-axis  acceleration  11-453 

Sensor,  Multi-axis  rate  11-453 

Sensor  normalized  output  expression  II- 

Sensor,  rate  11-453 

Sensors  1 11-19 

Sensors  V- 244 

back  pressure  V - 246 

interruptible  air  jet  V-245 


thread  break 
Sensors 

block  diagram 


V - 247 


table  I Object  sensor  I-i?l 


1-86,  104 
1 11-173 
control  circuits 


Sensors,  survey  11-113,  187 

Separated  flow  11-545 

Separation  bubble  11-598, 

Setback  1-240 

Setback  of  control 

Set-reset  condition 

Sequential  feedback  control  circuits  1 1 1 - 17 1 

Shaker  table  pressure  generator  IV-120 
Shear  stress  11-598 

Showers  V-29,  30,  37,  38,  39,  42 

Shroud  1-83 
Signal  hazards  1 1 1 - 177 

Signal  shoping  1 1 1-404,  405 

Signal  transmission 

rectangular  channels  IV-236 
tubing  IV-236 

Similarity  solution  for  jet  spread  11-326 

Similarity  variables  11-328 

Simson  profile  1-575 

Sjmultaneous  solutions  IV-27 
SLIC  IV-8,  15,  (22-26),  74,  116,  155,  159 
Slow  switching  1-563 

Sound  sensitivity  11-92 

Speaker  cone  pressure  generator  IV- 1 24 

Specifications  IV-337 

. general  I V- 339 

detail  IV-339 

fully  coordinated 
limited  coordinated 
Specmanship  IV-339 

Speed  control  11-499 

hydraulic  11-499 

Speed  control,  air  motor 
Speed  control,  jet  engine 
Splitter  and  vent,  Effects  of  1-504,  see  “Vent,  Effects  of" 
Splitter  distance  1-446 

Splitter,  Effects  of  1-501 
bubble  1-499 

critical  splitter  distance  1-501,  502 

splitter  distance  1-501 
Splitter  switching  1-565 
Stability  1-91 
Stability  augmentation  V- 257 
Staging  1-221 
Stall  11-547 

bistable  11-547 

fixed  11-547 

periodic  11-553 

transitory  11-547 
Stamping 

deflection  of  tooling  V- 5 
fine  blanking  V-5 


I V- 338 
IV-339 


1 11-338 
1 11-342 


Standardization  IV-317 

Government  Fluidics  Coordination  Group  I V - 3 1 9 

National  Fluid  Powder  Association  I V - 32 1 
Society  of  Automotive  Engineers  IV-322 
International  Organization  for  Standardization 
Instrument  Society  of  America  IV-323 
American  National  Standards  Institute  I V - 3 2 4 

Terminology  I V - 324 
Symbology  IV-324 

Standardization  program  I V- 333 , 336 


IV-323 


State  diagram 
Static  design 
parameters 
procedure 


1 1 1-174 


1-86 
1-106 

Static  performance 

(wal 1 -attachment-type  devices) 
Stilling  Chamber  IV- 112 , 114 

Strain  gage  11-197 
Subharmonics  1 1 1-44 
Submerged  jet  11-597,  598,  599 

Summation  ampl ifier  1 1 1 -356 

Summers  II 1-401,  405 
Summing  amplifier  V-451 
Supersonic  ampl ifier  11-612 

monostable  11-634 
bistable  11-612 


1-417 


11-641,  642,  643 


V 


•346 

1-242 

1-239 

1-239 


103 


quadrastable 
Supersonic,  valve 
Supply,  conditioning 
Supply,  duct,  depth 
Supply,  duct,  width 
Supply,  flow  1-239 
Supply  impedance  1-162 

Supply  jet  1-83,  86,  88,  96, 

Supply,  pressure  1-239,  243 

Surge  impedance  (see  also  characteristic  impedance) 
Sustained  oscillation  V-473 
Switch  time  11-61 
Switching  1-500,  502,  505 

contracting-both-wal 1 s swi tching 
end-wall  switching  1-505,  507 
switching  pattern  1-503,  506, 

Switching  characteristic  IV-42 

Switching  (low  frequency)  1-413 

Switching  mechanisms  1-563 
Switching  pressure  : 1-443 
Switching  time 

pure  fluid  elements  1 1 1 - 14 

moving  part  elements  1 11-16 

Switching,  Types  of  11-32 

far-side  switching  >.  11-32 

momentum  switching  11-34 


11-231,  235,  243 


-502,  505 


510 


G22 


near-side  switching  11-32 
pressure  switching  11-34 
Symbology  I V- 324 
Synthesis  technique  1 1 1 - 1 72 
System  design  V-484 


Table  look-up  IV-31 
Temperature  control  V ( 120-123 ) 

Temperature  controller  1 1 1-347 
Temperature  effects  1 1-8 
Temperature  sensor  1-138 

Temperature  sensors  11-214 

Temperature  sensors  V- 165 

Oscillator  V- 165 
Resistive  bridge  V- 165 
Terminology  IV-324 
Theoretical  diffuser  angle  II-G01 
Thread  detectors  11-194 
Three-dimensional  amplifier  IV-183 
Threshold  elements  III - 160 

single  threshold  1 1 1-160 

multi-threshold  1 1 1 - 16 1 
variable-thresholds  III - 163 

Threshold  elements 

existing  1 1 1 - 169 

Threshold  element  model  III - 165 

Threshold  summation  1 1 1 - 167 
Threshold  synthesis  1 1 1 - 168 
Threshold  weights  1 1 1 - 164 

Thrush  11-597,  598,  599,  601 
Thrush  vector  control  1 1 1-348 

Time  constant  (transmission  line) 

Tolerance,  dimensional  1-242 

Tradeoffs  IV-111,  114,  171 
Trapped  bubble  11-598 
Transmission  lines  IV-257 

annular  IV-257 

circular  IV-257 

rectangular  IV-257 

noncircular  IV-257 

Transmission  line  approximations 
Transmission  lines,  nonuniform 

uniform  111(228-250) 
Transmission  line  with  through  flow  IV-273 
Transition  (Laminar  to  Turbulent 
natural  1-91 

sound  induced  1-92 

flow  induced  1-83,  87,  104 

Turbulence  amplifiers  11-53 


I V - 238 


IV- 236 
111(250-254) 


G23 


Turbulence  level  11-534 
Turbulent  jet  11-598,  599 
Turn-up  vortex  amplifier  1 1 1 - 1 1 2 , V-391 
Turret/Cupola  Stabilization  11-306 
Twist  measuring  device  11-200 
Two  dimensional  and  axisymmetric  analysis 
comparison  11-339 
Two  pulse  compensators  1 1 1-48 
Two  step  response  1 1 1-42 


U 


Underwater  body  V-448 


V 


Vacuum  of  separation  bubble  11-599,  601 
Valve  11-101 

Valve  block  for  air  massaging  application 
Valve,  control  V-345 
Valve,  supersonic  V-346 

Velocity  profiles  1-88 

Velocity  sensor  11-198,  220 
Vent, center  1-240 

Vent,  center  width  1-242 
Vent,  Effects  of  1-503 

bubble  1-499 

jump  of  reattachment  point  1-504,  508, 


11-71 


510 


I 


jump  level 
opposite  wall 
vent  distance 
vent  width 
Vent  and  splitter, 

Vents  1-284,  285,  286, 
Verhelst  diagram  1-85, 


506,  508,  510 
1-506,  510 
1-504 

1-503,  504 
Effects  of 
287 
108 


1-504,  see  "Vent,  Effects  of" 


Vibrating  string  accelerometer 
Virtual  origin 


11-211 


I- 


-88 
1-97 
1-171 

flow  238 


laminar 
turbul ent 
Virtual  origin 
Visual ization , 

Vortex  1-50 

diode  1-48 
expnent  1-51 

Vortex  amplifier  V- 377 
Vortex  chamber  flow  analysis 
Vortex  diode  1-7 

flow  meter 
precession 
rate  sensor 
rate  sensors 


1-8 


Vortex 

Vortex 

Vortex 

Vortex 


11-70 
11-199 
V- 181 
11-201 


G24 


Vortex  rate  sensor  11-295 

angle-of-attack  pick-off 
built-in-test  11-303 

temperature  compensation 
Vortex  rate  sensor  1-124 

characteristics.  Table 
Vortex  shedding  11-198 
Vortex  triode 

applications  1-24 
static  characteristics 
dynamic  characteristics 
Vtol  ERC  requirements  V-500 


11-297,  302 


11-303 


1 1 - 1 -126 


1-17 

1-21 


Wall  angle  1-446 


Wall  attachment  1-410 
Wall  attachment  devices  11-53 

Wall  attachment  elements  V-290 
Wall  attachment  flow  analysis  V-311 
Wall  end,  Effects  of  1-503,  505 
bubble  1-499 

end-wall  switching  1-505 

Wall-reattachment  fluidic  device  1-499 
Washer  V-29,  30,  36,  40,  41 
Water  Table  1-238 

Wave  number  II 1-231 

Wavelength  ratio  I V ( 259 , 268) 

Wheel  speed  sensor  V-205 


Yacht  thruster  V-28,  29,  36 


Zero-pass  compensators  1 1 1-48 


